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Preface 
Our environment contains a vast variety of agents and 
the exposure of these agents is considered to pose chronic 
effects not only to the animals but also to man in terms of 
long-terms genetic hazards. It is a well known fact that 
cancer is the second largest cause of death with about one-
quarter of the population in Western society developing 
malignancies. Mutations or tumours are not the immediate 
result of an exposure to mutagenic or carcinogenic agents. 
Rather, they are only detected many years after exposure. 
The latent period for tumour induction in humans may be as long 
as 20 years. Therefore, preventive action is called for 
identification of the source of such agents (Sobels, 198A; 
Zimmerman, 1985). 
India is the agriculture based country and thus 
pesticides are commonly used to increase the crop 
productivity. The rapid industrialization, fast 
urbanization and over population has also consequently 
resulted in the tremendous release of xenobiotic compounds. 
The pollution has thus become a serious problem in 
India (Viswanathan, 1985; Gupta, 1989). 
Among environmental pollutants water pollution is an 
age old problem but recently it has gaino^f an alarming 
dimension because of the problem of population increase, 
sewage disposal, industrial waste, radioactive waste, etc. 
These factors have contributed to the pollution of our water 
(i.X) 
resources. During the last seven years many water samples 
have been analysed for the presence of toxic substances by 
the U.P. Water Pollution and Control Board as well as Indian 
Toxico1ogica1 Research Centre (Ray and Gupta, 1986). 
Several studies conducted in our country strongly suggested 
that rivers like Ganga, Yamuna, Brahmaputra etc., and other 
water bodies are highly contaminated (Gupta, 1989). 
Thus water pollution is turning India's famous lakes 
into dirty ponds and rivers into sewers threatening the 
health of millions of rural folk at the receiving end of the 
city wastes. The present studies were aimed at monitoring 
the net organic and inorganic pollution load in the test 
stretch of Ganga River between Narora and Kannauj. Some 
parameters were selected to achieve this goal. The HPLC 
analysis of water samples alongwith their mutagenicity 
testing by Ames and E.coIi tester strains were used to 
identify the pollutants particularly the pesticides. In 
vitro studes were also carried out to study the interaction 
of highly mutagenic sampleswith DNA. 
Infact, this work is only a preliminary step but a 
number of promising approaches have been used and the goal 
of this thesis is to provide a support of what is being 
tried elsewhere. 
In the first chapter of this thesis, review of 
literature is presented to become acquainted with the latest 
( x ) 
trends In the field of Genotoxicity testing. 
The second chapter describes the general materials and 
methods like concentration of water sample, bacterial 
strains, composition of media and buffers. 
The third chapter incorporates the identification of 
pesticides and heavy metals in the contaminated water 
samples. 
The fourth chapter containdthe data of the Ames testing 
of waterborne pollutants. 
Survivals of SOS defective E.coli K-12 strains have been 
presented in the fifth chapter. 
Sixth Chapter embodies several iji vi tro techniques to 
study the interaction of water borne pollutants with DNA. 
The last Chapter is devoted for general discussion and 
conclusion drawn from the experimental data. The 
bibliography and Summary have been documented in the end. 
CHAPTER-I : REVIEW OF LITERATURE 
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Environmental pollution implies any alteration In the 
surroundings but it is restricted in use especially to mean 
any deterioration in the physical, chemical and biological 
quality of the environment. All types of pollution directly 
or indirectly affect human health. The pollutants fall under 
the broad classification of xenobiotic compounds and are 
released into the environment by the action of man and occur 
in concentrations higher than "natural** levels. Fifteen 
years ago, the National Resources Defence Council (NRDC. 
1976) in consultation with the U.S. Environmental Protection 
Agency (U.S. EPA) identified 65 classes of toxic chemicals. 
The Agency has also classified 129 compounds and elements 
which are frequently referred to as "priority pollutants" 
(U.S. EPA, 1984). These priority pollutants are further 
divided into 10 general groups (Callahan e^ a I.. 1979). In 
1984, the National Academy of Sciences (NAS) concluded that 
66,000 chemicals are used commercially in the United States 
as drugs, pesticides, food additives, cosmetics and for 
other chemical purposes (NRC, 1984). Worldwide. 45.000 
substances are used either in the form of mixtures or 
individualy. It is also estimated that 1000 new commercial 
products are poured into the environment per year. Total 
world manufacture of organic chemicals are estimated at 300 
million tons per annum with 150 chemicals produced in excess 
of 50,000 tons per year (Richards and Shich, 1986). However, 
ecotoxicologlcal data are available only for less than 1000 
of these substances (Schmidt-Bleek. 1981$ U.S. State 
- 2 -
Department, 1981). 
Most of the organic pollutants originate from five 
major industrial categories: petroleum refining, organic 
chemicals and synthetic industries, steel milling and coal 
conversion, textile processing, and pulp and paper-milling 
(Rawlings and Bamfield. 1979; Derenzo, 1980; Luthy, 1981). 
However, Industries are not totally responsible for the 
exposure of the chemical to environment, consumers too share 
a part. Utilization of gasoline, aerosol sprays, pesticides 
and fertilizers leads to pollutants being released directly 
into the environment by consumers. Effluents from waste 
water treatment plants is another source of xenobiotics, 
while accidental spillage, illegal dumping, poorly chosen 
land fills and uncontrolled hazardous waste sites are other 
routes through which the environment is contaminated. In. 
fact, inadequate disposal techniques have been cited as a 
main cause of contamination of biota, soil, surface and 
ground waters (Brown, 1971; Callahan e^ aj_, 1979; Chapman e^ 
al . . 1982). 
Contamination of the environment often leads to 
contamination of food chains, and exposure to these 
pollutants either in the workplace or due to catastrophes 
such as Bhopal (India) could cause epidemics of non-
infectious diseases (Lawther, 1983; Krish-Vo1ders, 1984). A 
summary of the origination and fate of the priority 
pollutants Is illustrated in Fig. 1. The fate of the 
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pollutants in the environment depends on various chemical, 
physico-chemical and biological processes (Callahan e^ a I.. 
1979). The chemical processes include oxidation, reduction, 
hydrolysis, hydration and photolysis, whereas the physico-
chemical processes mostly involve adsorption, and 
volatilization. Furthermore, the biological processes like 
biodegradation, biotransformation, bio-accumulation and 
biopolymerization also contribute to the diversification in 
the nature of pollutants. 
Environraental Pollution in India 
India is a huge country with about 850 million 
population and only second to China in terms of manpower. 
Since independence, an ali round and unprecedented growth in 
several areas such as industry, agriculture, power 
generation, oil and mineral exploration, telecommunication, 
shipping and aviation, science and technology, has taken 
place. As a resul t ,I ndia has emer ged as a potent ia 1 1 y powerful, 
scientifically and technologically progressive, 
agriculturally self sufficient and economically viable 
nation of the world (Gupta. 1989). The rapid 
industrialization, fast urbanization and overpopulation 
consequently resulted in the tremendous release of 
xenobiotic compounds into the environment and thus the 
environmental pollution has become a serious problem in 
India. Large quantities of various chemicals, some of which 
are highly toxic are used routinely by industries and 
consumers either for material comfort or for enhanced 
- 5 -
agricultural productivity. Similarly a large variety of man 
made chemicals in the form of dyes, detergents, solvents and 
polymers are also used in small scale industries 
(Viswanathan, 1985). 
One of the problems of the extensive production of 
chemicals is associated with the release of ever increasing 
number of various toxic chemicals in environment and their 
exposure to living community. At present most of the 
industries in India are operating without any treatment 
plants for their liquid wastes or gaseous emissions. 
Industrial, commercial and domestic wastes are disposed off 
indiscriminately either into the rivers through nullahs or 
on the land. Such a callous disposal of waste material which 
may contain toxic and radioactive chemicals or disease 
producing microorganisms may lead to serious health problems 
(Kudesia, 1982; Ray and Gupta, 1986; Gupta, 1989). Recently, 
Ramesh e^ aj_ (1989, 1990) have also reported the widespread 
contamination of toxic materials in Indian environmental 
samples. 
Among environmental pollutions, the water pollution is 
an age old problem but recently it has gained an alarming 
dimension because of the problems of population increase, 
sewage disposal, industrial waste, radioactive waste etc. 
These factors have contributed so much to the pollution of 
our water resources that about 70* to 80* rivers and streams 
not only in India but in all the countries contain polluted 
_ 6 -
waters (Kudesia, 1982). In the absence of adequate potable 
water supply, a proportion of Indians in rural set up still 
depends on natural resources such as wells. rivers and 
ponds. The same body of natural water is used for 
irrigation, washing of clothes and utensils, sewage disposal 
and bathing of animals and man, as well as for drinking and 
cooking without any purification or sterilization, making 
the risks of water pollution more serious (Viswanathan, 
1985). 
During the last few years many water samples have been 
analysed for the presence of toxic substances by the Uttar 
Pradesh Water Pollution and Prevention Control Board and 
Indian Toxico1ogica1 Research Centre (Ray and Gupta. 1986). 
Several studies conducted in our country strongly suggested 
that rivers like Ganga, Yamuna, Brahmaputra etc. and other 
water bodies are highly contaminated (Gupta, 1989). Thus 
water pollution is turning India's famous lakes into dirty 
ponds and its major rivers into sewers threatening the 
health of millions of rural folk at the receiving end of the 
city wastes. 
The debate about the health risk associated with 
industrial chemicals has continued for sometime and the 
public concern over the increasing incidence of cancer due 
to environmental carcinogens has increased substantially and 
led to tighter governmental regulations of the production 
and use of many forms of toxic chemicals (Gupta, 1989). 
- 7 -
Besides the toxicity and carcinogenicity of a large 
proportion of these pollutants, another serious problem is 
their persistence in nature. The extremely long life of such 
chemicals, when present in the soil or the aquatic 
environment greatly amplifies the toxicity and health risk 
problems in the area of contamination. Several studies 
conducted in our country have proved that highly 
contaminated water leads to loss of 73 million work days 
every year due to outbreaks of water related diseases like 
infective hepatitis, dysentty;-, diarrhoea, typhoid, malaria, 
yellow fever, trichoma, flu and tuberculosis, etc. (Kudesla. 
1982; Ray and Gupta, 1986; Gupta 1989). The various ways in 
which environmental pollution affects human health is 
depicted in Fig. 2. 
A number of classes of compounds comprising the common 
industrial chemicals have received a great deal of 
attention. These include s 
(A) Organic pollutants such as po1ych1 orinated biphenyls, 
polyaromatic hydrocarbons and pesticides. 
(B) Inorganic pollutants such as heavy metals. 
A. (1) Polychlorinated Biphenyls (PCBs) 
PCBs have tremendous industrial application as 
well as are commonly used in transformer oil, capacitor 
dielectrics, heat transfer fluids, hydraulic 
lubricants, plasticlzers, waxes, pesticide extenders, 
etc. (Flshbein, 1972). PCBs have been manufactured 
- 8 -
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commercially since 1929 and they are marketed under a number 
(R ) (R ) of commercial trade names e.g. Aroclor , Clophen , 
Phenoclor^^^ and Kancelor^^^ (Fishbein, 1972; Nimmo. 1985>. 
A common PCB is Aroclor 1254, which is a mixture of 
chlorinated biphenyl isomers with an average chlorine 
content of 54%. Since the possible 209 individual components 
in the mixtures differ in physical, chemical, and biological 
properties, evaluation of the potential impact of the 
various Aroclor mixtures is complicated (Nimmo, 1985). 
The environmental accumulation of PCBs within the last 
40 years of production has the PCB content within the upper 
10 to 1000 m of the global hydrosphere (Harvey e^ aj_, 1974; 
Tatsukawa and Wakimoto, 1975). Thousands of tons of PCBs 
have been estimated to be escaped into the atmosphere and 
water from dumping and leakage of lubricants, hydraulic 
fluids and heat transfer fluids (Hammond, 1972). When PCBs 
are discharged into the river, lake or sea they tend to 
accumulate on the sediments in relatively high concentration 
and redissolve very slowly due to their very low aqueous 
solubility (Yong el aj_. , 1977; Katrien and Claude, 1988). 
The hydrophobic and lipolytic nature of PCBs make them 
particularly soluble in lipids due to which they accumulate 
especially in organisms which are high in the food chain, 
perhaps including human beings (Biros e^. a 1., 1970; Yoshida 
and Nakaraura, 1979; Heeschan e^ aj_. . 1989; Leoni e_t al. , 
1989). At the microbial level many organisms are also 
reported to absorb PCBs (Murado e^ aj_., 1976; Furukawa ejt 
- 10 -
a I.. 1978). PCBs have also been found to be adsorbed in 
larger amounts by soil and small proportion has also been 
shown to be incorporated in plants (Larson, 1984). Moreover, 
the level of PCBs in sea birds are higher than fishes and 
other zooplanktons (Katrien and Claude, 1988). 
Industrial usage scale of PCBs in products which could 
allow leakage to the environment were stopped in U.S. and 
Sweden during 1970-1971. Other European countries as well as 
Japan also initiated similar action from 1972-1973. Inspite 
of these restrictions, a significant quantity of PCBs is 
still released into the environment (Shinsuke e^ sQ.. , 1989). 
According to Maron and Ames (1983) Aroclor is a well 
known carcinogen of great stability and its huge quantities 
in the environment could be a greater potential hazard than 
other carcinogens. 
(ii) Polynuclear aroHatic hydrocarbons (PAHs) 
PAHs are organic chemicals consisting of fused benzene 
rings. They are the products derived from energy sources 
like petroleum (Eckardt, 1967; Wallcane e^ aj_. t 1971), coal 
(Remond et. aj_. » 1976; Sharkey, 1976; Goeckner and Griest, 
1977) and wood (Haque and Wheelar, 1929; Linerveskii e^ a 1 . . 
1972). These sources include emission from various transport 
systems (Bouble and Ripperton, 1963; Candeli ejt aj_. . 1974), 
power generation, industrial processes (Eckardt, 1967; 
Wallcane e^ » 1971), oil contamination by effluent 
- 11 -
disposal or oil spill (Guerin. 1978), These potent 
pollutants have been found in air (Pierce and Kats, 1975} 
Davis el al., 1976; Gordon, 1976), water (Harison e^ aj . . 
1975; 1976; Mattraw and Franks, 1984; Troutman ^ al . . 
1984). soil (Borneff, 1964; Blumer and Youngblood, 1975) and 
sediments (Gschwend and Hites, 1981; Eadie et. aJ.. . 1982). 
Bioaccumulation in aquatic organisms has also been 
documented (Eadie ^ aj_. » 1982; Headman ejt aj_. , 1982; Conner. 
1984). 
It has been reported that concentrations of PAHs in 
fresh waters are quite variable, reflecting the variety of 
sources of the water and uses to which they have been put. 
It has been estimated that the groundwater and drinking 
water supplies contained a number of PAHs like f1uoranthene. 
benzo Cb3 f1uoranthene, benzo Ckl fIuoranthene, benzo CaJ 
pyrene, benzo Eghi] perylene and indeno Cl,2.3-ed] pyrene 
(Borneff and Kunte, 1969). Rivers flowing through heavily 
industrialized areas may contain 1—5ug/l (ppb) total PAHs. 
Unpolluted rivers, ground water, drinking water and sea 
water usually contain less than 0.1 ug/l total PAHs (Neff, 
1979). On the other hand,concentrations of PAHs in sediments 
were usually greater by a factor of 1000 or more than those 
in the water column. Recent studies confirmed that the 
dissolved concentraions of PAHs in the aqueous phase is less 
than 30 ug/l even though the river water overlies heavily 
contaminated sediments (Elder and Dresler, 1988). Sediments 
from bodies receiving drainage from Industrial areas may 
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have total PAHs concentrations of 100 rag/kg or more 
(Bjorseth ^ aj.. , 1979, Grelat, 1980). Moreover, there have 
been many reports on the presence of PAH, and particularly 
B(a)P in tissues of aquatic organisms <Neff, 1985). 
PAHs are highly 1ipid-so1ub1e and are readily adsorbed 
from the gut and lungs of mammals (Kotin, 1969; Rees e^ ai . . 
1971) and can induce the synthesis of the enzymes 
responsible for its own metabolism (Marquardt. 1977). 
Numerous studies indicated that despite their high lioid 
solubility, PAHs show little tendency to undergo 
bioconcentration in the fatty tissues of animals or man, 
primarily because they are rapidly and extensively 
metabolized (Lee ^ aj.. , 1972; Stich et aj.. , 1976; Whittle 
et al.. 1978). However, PAHs metabolites being more 
hydrophilic, reactive and eIectrophi1ic, may undergo a 
variety of spontaneous or enzyme mediated chemical reactions 
and ultimately become the carcinogen (William and Donna, 
1988). The most important of these are reactions leading to 
covalent bonding of PAHs to cellular macromo1 ecu 1es such as 
proteins and DNA, leading to cell damage, mutagenesis, 
teratogenesis and are highly suspected as causative agents 
of human cancer (Neff, 1986; Ray and Prasad, 1987; Peter and 
Anthony, 1988). As environmental pollutants PAHs pose a 
serious threat to the health and quality of life in modern 
society. 
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(i i i) Pesticides 
Pesticides are the chemical substances raainlv used to 
kill or control the unwanted species such as insects, fungi, 
weeds, rodents, mites, nematodes, etc. However, pesticides 
are usually not target specific and therefore. may cause 
harm to nontarget species and many of them are quite 
persistent for long periods in the environment. The unused 
pesticides and their degradation products and metabolites 
ultimately may find ways to the human body through food 
chain and cause various health problems. Three types of 
pesticides are normally used at present i.e. organoch1 orine 
pesticides <Po1ych1orinated organic compounds), 
organophosphorus (PhosphoruSs containing compounds) and 
carbamates (Nitrogen containing compounds (Lincer. 1975: 
Singh ^ aJL. , 1987). 
(a) Studies on pesticide pollution r Over View 
The first ever known pesticide, the DDT was used for 
the protection of miUitary areas and personnel, mainly 
against malaria, typhus and certain other vector-borne 
diseases during the Second World War. However, widespread 
agricultural use of pesticides gained popularity from 1946 
in the USA and slightly later in most other countries (WHO. 
1986). Once pesticides had been introduced, there was 
tremendous increase in the use of chemicals of high 
biological activity for pest control, notably insecticides, 
acaricides, nematocides, herbicides, fungicides and 
rodentlcides (Lincer, 1975). 
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In the past three decades the use of synthetic 
pesticides in the United States has increased 40-fold. World 
pesticide production in 1975 was estimated as 3.7 billion 
pounds, of which the United States produced half, and about 
90X of all pesticides are used in agriculture (Ridgwav e^ 
a 1.. 1978). Currently there are about 45,000 pesticide 
products marketed in the United States. Approximately 5a5 
million Kg of pesticides are sold annually with about 70% 
consumption in agriculture, 23X in forestry, industry and 
Government programmes, and 7% in the home and garden (EPA, 
1986). Organo-chlorine insecticides have already become 
universal pollutants and are virtually reported from every 
component of the environment (Rup Lai e^ al.. 1989). 
(b) Pesticide pollution in India 
The most important pollutants among the environmental 
toxicants in India are the organoch1 orine and 
organophosphorus pesticides because of their massive use for 
the agricultural purposes. A high proportion of pesticides 
used in India is applied on crops and only a small quantity 
is used for soil and seed treatment. Soil contamination, 
however, became serious with the persistent use of 
organochlorine and some organophosphorus pesticides (Sahai 
and Chauhan, 1977; Kudesia, 1982). The available data of 
pesticide usage in India revealed that annual consumption of 
DDT is about 45 million Kg, and that of BHC, 19 million Kg 
(FAG, 1987-88; ICS, 1986). They together account for more 
than 50* of the pesticides currently used in the country. 
- 15 -
This has resulted in considerable contamination of the 
Indian environment (Ramesh ^ §_!_• . 1989). Under the National 
Malaria Eradication Programme of the Government of India, 
DDT is now mainly used for vector and mosquito control 
(Gupta, 1986; Singh e^ . 1988). 
Pesticide load in our food chain is increasing day by 
day. Studies have revealed that even the mother's milk 
contains some quantity of pesticides (Tenabe ^ aj.. . 1990). 
Various fruits, vegetables (Kathpal, 1980; Rup Lai ^ al . , 
1989) and cereals contain significant quantities of 
pesticides (Albert, 1990). Reports have shown that some 
edible oil and oil seeds available commercially. are 
contaminated with pesticides (Srivastava e^ a 1., 1983: 
Dikshith ^ , 1987, 1989). Rivers, ponds and lakes are 
getting polluted with pesticides (Kalra and Chawla, 1981; 
Agarwal e^ aj_. , 1986; Bakre e^ , 1990). A number of 
organoch1 orine and organophosphate pesticides are 
percolating down the soil to reach underground water (Brown 
et al . . 1986; Ames ej^  a_l.. , 1987; EPA, 1988; Ritter, 1990). 
Ramesh e^ aX- (1989) have also reported the widespread 
contamination of insecticide residues in air. 
(c) Pesticidal load in aquatic systoM 
Most of the pesticides enter into the aquatic 
environment through intentional application, aerial drifts 
or run off from the applications or accidental release, and 
then become rapidly distributed through the action of wind 
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and water. Some pesticides are directly applied to water to 
control the aquatic weeds, algae, nongame fishes, unwanted 
invertebrates and noxious insects (Nimmo, 1985). 
Agricultural runoff from fields and grazing lands is 
considered to be the major route of pesticide movement into 
water. It has been observed that industrial waste from 
pesticide manufacturing plant is the second greatest source 
of pesticides in aquatic environment. Finally another source 
of pesticides that is poorly understood and is not well 
studied is the hazardous waste disposal (Li. 1975). Many 
workers have reported the prevalence of organochlorlne 
pesticide residues in fresh water fish from North and 
Central Italy (Cozzani and DiPietrogiacomo, 1985? Contoni ejfc 
a 1., 1985). Amodlo and Arnese (1988) have also provided 
evidence for the accumulation of organochlorlne pesticide 
residues in fish from Southern Italian river. 
(d) Pesticides: as potential hazard 
Pesticides can affect the human body directly through 
water, air and food of agricultural origin as well as many 
other biological processes. Not only the environment (air, 
water and soil) has been shown to have a toxic level of 
pesticides but the animal kingdom as well as the plants have 
also been contaminated by their hazardous level 
(Viswanathan, 1985). 
When pesticide residues enter into the water, they 
either become attached to suspended material, or deposit on 
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the bottom sediment, or are absorbed by organisms where they 
are detoxified or accumulated. They may be transported 
through the aquatic system by diffusion in water currents or 
in the bodies of aquatic organisms. Some pesticides or their 
transformation products may also move back into the 
atmosphere by volatilization. There is a continuous 
interchange of pesticides between sediments and water 
influenced by water movement, turbulence and temperature 
(Niramo, 1985). The pesticidal toxicity in water depends 
mainly on their chemical stability and solubility in water 
as well as the quality of water and other physico-chemical 
parameters. It has been reported that pesticides like 
organochlorines are more stable as well as insoluble in 
water (Miles and Harris.1971; Rowe ^ aj.. . 1971; Pillai, 
1977; Nimmo, 1985). The physico-chemical characters of water 
on the pesticide toxicity have extensively reviewed by 
Alabaster and Lloyd (1982). It has also been reported that 
certain organophosphorus pesticides are highly . toxic at 
higher temperatures, more salinity and low pH while some of 
the organochlorines are more toxic at intermediate 
temperature, high alkalinity or acidity and high range of 
salinities (Nammalwar, 1984). 
Compounds containing halogen atoms presumably the 
biotransformation products of pesticides and herbicides are 
often persistent in riverine system (Shiraisi and Otsuki, 
1987). Calcitration and persistence of pesticides is a 
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potential hazard to the aquatic ecosystem (Nimrao. 1995). 
The toxicity studies of pesticides have been conducted 
on the bacterial system (Ahmed ^ aj_. , 1977; Ray, 1984) as 
well as on the animals (Johnson and linley, 1980; Tandon and 
Dubey, 1983; Reddy e^ aj_. , 1987) and humans (Misra e^ al. , 
1985). Van Leeuwen and Maas (1985) also reported the 
toxicity of pesticide to rainbow trouts, daphnia and algae. 
Several pesticides and their degradation products are 
reported to be highly mutagenic in Ames tester strains and 
also induced unrepairable DNA damage in ^ co1i (Kamal and 
Ralph, 1986; Antony et. , 1989; Mehrotra ^ ai.-. 1990). 
Some pesticides have also been found to be tumourogenic (Ray 
and Prasad, 1987). 
B. Heavy Hetals 
Certain heavy metals are considered to be important in 
plant and animal nutrition for normal cellular functions 
where they play an essential role in tissue metabolism and 
growth. However, heavy metals are toxic to cells once their 
levels exceed their low physiological values, whereas 
marginal imbalance contribute to poor health and retarded 
growth (Leland and Kuwabara, 1985; Wong, 1968). The use of 
heavy metals have increased during this century rapidly, and 
have begun to contaminate the environment, amd They have 
also been found in air, food, soil, plants and water. 
(a) Worldwide surveys conducted on heavy Hetal pollution 
Among the inorganic pollutants, heavy metals have the 
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primary concern because of their ubiquitous presence in 
global environment. Schanle and Patterson (1978) observed 
lead enrichment in surface waters of the North Pacific 
between California and Hawaii. and this enrichment is 
attributed to the atmospheric inputs from automobile and 
smelter emissions. Windson ^ aj. (1975) noted the seasonal 
variations of soluble mercury in surface waters of the south 
eastern Atlantic continental shelve# Schanle and Patterson 
(1978) linked these variations to atmospheric inputs in the 
United States. Moreover, mercury is enriched in deep 
seawaters by hot spring's discharges (Bostrom and Fisher. 
1969; Carr et. aj.. . 1975). The distribution of low and high 
values of metal concentrations represent the areas receiving 
the level of effluents. Edward e^ aJ. (1989) have also 
reported the higher concentration of cadmium and lead in 
human body fluids, air and drinking water in the area 
of Cracow. Moreover, the effect of heavy metals on 
microorganisms (Gadd and Griffiths, 1978b; Kurata and 
Yoshida, 1978), on plants (Ichikura e^ a 1.. 1970) and on 
animals (Eisler and Hermekey, 1977) has been well 
documented. 
Most of the foodstuffs like fresh vegetables, cereals 
and fruits contain the elevated levels of several heavy 
metals. Crops grown in polluted soil (from industrial 
contamination and from use of sewage sludge as fertilizer) 
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or Irrigated with polluted water may contain increased 
concentrations of heavy metals. Some seafoods also oontain 
higher levels of many trace metals (WHO, 1986). The higher 
values of cadmium is present In typical Japanese diet (WHO, 
1972; CEC; 1978, 1979). In the U.S.A. chromium was estimated 
to vary from 5 - 500 ug per day and this range probably 
covers the vast majority of diets throughout the world. The 
elevated level of lead in the air of rural areas . has 
been reported . It is also known to be present in milk and 
dairy products as well as in wine (WHO, 1984). 
(b) Heavy netal Pollution in India 
During the survey conducted in India in 1974 it was 
noticed that children were deformed because of heavy metal 
contamination Indrinking water from the stream in Rajasthan. 
This deformity was mainly due to the toxic effects of 
mercury and cadmium which causes paralysis and bring about 
damage to the bones (Kudesia. 1982). Chandra (1980) has also 
reported various environmental problems due to heavy metal 
pollution in India. Application of sewage sludge on 
agricultural lands for enhancing productivity has been a 
common practice in India for many years. Nowadays, a serious 
attention is being paid to the heavy metal contents of 
sewage sludge before its land application, because of the 
tendency of uptake of toxic metals and metalloids like Cd, 
Cu, Co, Cr, Ag, Ni, Pb, Zn, Fe, etc. by food crops and 
plants (Pike e^ aj.. , 1975; Webber et al. , 1982; Bhowal e^ 
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a 1.. 1987). Moreover, hundreds of large and small scale 
Industries are supposed to spill tremendous amount of heavy 
metals into the sewage in the form of industrial wastes by 
leaching from areas of land fill by mining and fossil fuel 
combustion, from soils to which sewage sludge has been added 
and from metal plating (A.lmal and Khan, 1984: Kumar and 
Bisht, 1987). Certain Himalayan lakes have also been 
reported to contain the elevated levels of several heavy 
metals (Koul e^ aj.-> 1988). Heavy metal pollution is 
increasing day by day around industrial and urban areas (Ray 
1987). 
(c) Heavy netal pollution in aquatic environnent 
As early as 1920s, Carpenter (1928) investigated 
aquatic pollution by lead, and similar pioneering studies on 
lead and zinc pollution were carried out by Jones in 1940s 
(Jones, 1940a, b). More information about the heavy metal 
pollution of rivers can be found in the fifth report of the 
River Pollution Commission of 1874 (Jones, 1964). Research 
on the effects of trace metals in natural waters during the 
first half of this century focused on lead, zinc and copper 
pollution from mining and industrial effluents (Doudorroff 
and Katz, 1953; Jones. 1964). Recently, the insidious 
mercury contamination of Minimata Bay (Harada, 1978) and the 
catastrophic poisoning of the cadmium have been demonstrated 
in the Jintzu river (Kobayashi, 1978). Schanle and Patterson 
(1978) observed lead enrichment in surface waters of the 
north Pacific between California and Hawaii, and attributed 
- 22 -
this enrichment to atmospheric inputs from automobile and 
smelter emissions. Esad and Goran (1987) have also reported 
the distribution of several heavy metals in the sediments of 
the Yugoslavia Rivers. The concentrations of the heavy 
metals except for Mn'*"*', were lower near the shore of Shinil 
lake in Japan. Total concentrations of copper, zinc, and 
cadmium in surface waters have been positively correlated 
with macronutrient concentrations, suggesting a role in 
biogeochemical cycl ing (Boyle ejt a 1 . , 1977: Bruland ej^  a 1 . . 
1978). Higher metal concentrations have been reported for 
polluted fresh water than for pollutted seawater, whereas 
high coastal marine sediment concentrations generally exceed 
high fresh-water sediment concentrations. This observation 
suggests that oceans serve as the final sink for these 
pollutants (Leland and Kuwabara, 1985). Yokota e_t a 1 . . 
(1988) have also reported that the distribution pattern of 
heavy metals is related to grain size of the bottom sediment 
and water quality of the inflowing rivers. Moreover, even a 
small amount of Cu"'"'' has effects on water quality (Stiff, 
1971), fish survival (Khangarot, 1981a), aquatic 
invertebrates (Gupta e^ aj.. , 1981) and humans(VenugopaI and 
Luckey, 1978). 
(d) Heavy aietals: as potential hazard 
The heavy metals have been reported to be genotoxic, 
mutagenic and carcinogenic In several studies (Fishbeln, 
1987; Valdimir, 1987; Wong, 1988). Eichhorn C1975) and 
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Kobayashi (1988) demonstrated binding of heavy metals to the 
phosphate deoxyribose and heterocyclic base residues of 
DNA. Interaction of heavy metals with DNA may Induce the 
alteration of the primary as well as secondary structures 
and could result in mutation(s). Moreover the rec assay with 
Baci11 us subti1 is and the reversion assay with E.co1i have 
also been conducted to assess the mutagenicity of some heavy 
metals (Nishioka, 1975; Green ejt . 1976). Recently. Wong 
(1988) has reported the mutagenicity and carcinogenicity of 
several heavy metals which are commonly found in polluted 
areas using the Salmonella/mlcrosome mutagenicity test. 
There are reports that exposure of zinc at 0.5 to 1.2 rag/1 
for 24 hr significantly depressed mean white blood ce11-
thrombocyte count in salmon (Mcleay, 1975). Moreover, the 
sublethal lead poisoning in vertebrates is characterized bv 
neurological defects, kidney disfunction, anemia, block Irt'. 
impulse transmission and acetylcholine release (Kostial and 
Voak, 1957). Cadmium contamination in food resulted in the 
severe gastrointestinal upsets, bronchitis, anemia and renal 
stones (NRC, 1977; CEC; 1978). Toxic effects of chromium 
have been observed in rats and rabbits when their drinking 
water contained more than 5 mg of hexavalent chromium per 
litre. It can also cause digestive tract and lung cancers in 
man (Guidelines for Canadian drinking water quality. 1978; 
lARC, 1980). Similarly, subacute mercury poisoning also have 
neurological manifestations (Chang and Hartmann, 1972). 
Moreover, at the concentration of 10-50 Ug/1, copper 
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inhibits standing crop, photosynthesis and growth rates 
(Thomas e_t a I. . 1977). Leonard and Gerber (1988) reported 
the aluminium induced carcinogenicity, mutagenicity and 
teratogenicity. More recently several workers have reported 
the carcinogenici ty of chromium and cadmium (Alexeeff e_t 
aj_. » 1989; Ragan and Mast. 1990). It has also been 
established that dimethylated arsenics induced DNA strand 
breaks in lungs via the production of active oxygen in mice 
(Yamanaka e^ aj_. , 1989). 
Genotoxicity of water pollutants 
During the past decade, studies from countries 
throughout the world have documented the widespread presence 
of gentoxic, mutagenic and carcinogenic substances in the 
polluted water. It has been difficult to pinpoint the source 
of these pollutants in surface water sources but industrial 
discharges, municipal wastewater treatment plant effluents, 
and surface or agricultural runoffs have been implicated 
(Meier, 1988). It has long been known that cancer can arise 
as a result of exposure to a variety of agents, and studies 
on the mechanism of induction process have revealed that 
pure chemicals themselves are able to produce cancer 
(Miller, 1978). Damage to DNA by environmental mutagens may 
be the main cause of death and disability in advanced 
societies (Cairns, 1975). It is believed that this damage, 
accumulating during our life time initiates most human 
cancer and genetic defects, and is quite likely a aajor 
contributor to aging (Burnet, 1974) and heart disease 
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(Pearson e^ aj_. f 1975). The presence of genotoxins in water 
have been discussed in detail by Loper (1980) and several 
other workers have also reported the genotoxins in water in 
different parts of the world (Alkin e^ aj_. , 1980; Kool ^ 
al., 1983; Nestmann, 1983; Meier, 1987b). A number of 
organic (Loper, 1980; Wilcox e_t aj_'> 1988) and inorganic 
compounds, particularly certain metal compounds, have been 
shown to possess genotoxic activity (Rossman e^ aj_. , 1984), 
though these compounds are generally not active in 
Sa1mone1 1 a assay (McCann and Ames, 1977). 
The presence of genotoxins in source waters has been 
determined both by direct detection of cytogenetic effects 
in aquatic species (Prein e^ aj_. , 1978; Alink ^ aj_. , 1980; 
Hooftman and Vink, 1981; Van der Gaag et. aj_. , 1983) and 
other test organisms (Klekowski and Levin, 1979; Ma e^ a 1.. 
1985) and by demonstration of genotoxic activity in organic 
and inorganic concentrates of these waters (Van Kreijl et. 
al . . 1980; Kool e^ aj_. , 1981a; Maruoka and Yaraanaka, 1980, 
1983), Mutagenic activity has been detected in organic and 
inorganic extracts of industrial wastewater effluents from a 
variety of industries (Johnston §1. al, 1982; Rossmann ejt 
al . , 1984; McGeorge e^ ai.. , 1985). Similarly, concentrates 
of municipal wastewaters frequently contain the detectable 
genotoxic agents, especially when the ratio of industrial to 
aoraescic waste input is high (Rappaport e^ aj_. , 1979; Meier 
and Bishop. 1985; Meier ej^  §i.. , 1987a). In one of the 
studies agricultural pesticides possessing genotoxic 
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activity have been considered as a source of water 
contamination (Loper, et al..19a5a)« 
Correlation of Carcinogenesis and Hutagenesis 
The relationship between mammalian mutagenicity and 
carcinogenicity has been studied in great detail over the 
past decade, and although the prectjca11ties of optimally 
measuring and correlating these two phenomena have advanced 
( Montesano e^ aJL. , 1986), it is only recently that the 
validity of presumed relationship has been debated. Auerbach 
et ^.(1943) for the first time reported the mutagenicity of 
nitrogen mustard in Drosophi1 a which prompted the 
prediction and demonstration of Its carcinogenicity to mice 
Csoyland and Horning, 195?). Afterwards^Ames and his colleagues 
(McCann ejt aj_. . 1975a) compared and correlated the 
relationship between the mutagens and their carclnogenl-«lty. 
Ames test has been widely used to investigate the mutagenic 
potential because many carcinogens were also mutagenic 
(Flessel eJt aj_. , 1987), though a high degree of variation 
was obtained with regard to the sensitivity of Ames test 
ranging from 45* to more than 90X (McCann et. aj.. , 1975b: 
Zeiger and Tennant, 1986; Tennant ei aj.-» 1987). It was also 
noteworthy that as the time have elapsed froB the first Ames 
test conducted by McCann e^ aj_ (1975a) to correlate the 
mutagenic potential of carcinogen upto the work of Tennant 
et a 1 (1987) there appears a continuous decrease In the 
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degree of sensitivity of Ames testing. Zeiger e_t ai. ( 1987) 
reported that the Ames test has a sensitivity (percentage of 
carcinogens identified as mutagens) of only 54* and a 
specificity (percentage of non carcinogens identified as 
non mutagens) of only 70X. Even worse, Tennant e^ a_L (1987) 
found that the Sa1mone11 a assay would only identify about 
45X of carcinogens. These results are at variance with the 
observations made a decade ago when the sensitivities and 
specificities of 90% or more were claimed for the Ames test 
(McCann e^ al. , 1975ft, 1976). 
It seems increasingly likely that expensive animal 
carcinogenicity studies were the only way to identify 
carcinogens. But recently Ashbv and Tennant (1988) have 
reported that there may be two classes of chemical 
carcinogen, genotoxic and putatively non genotoxic. The 115 
carcinogens considered were separated into 70 which induced 
tumours at multiple sites, and/or in both species, and 45 
which were only active at a single site in a single species. 
Equivocal evidence of carcinogenicity had been recorded for 
a further 24 chemicals, and 83 chemicals were reported as 
non carcinogenic. Structural analysis of these 222 agents 
was then undertaken according to the e1ectrophiIic theory of 
carcinogenesis (Miller and Miller, 1977; Ashby, 1985). These 
data were then compared with the level of carcinogenicity of 
the agents and with their mutagenicity to Salmonella. The 
results established a high concordance between structural 
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alters to carcinogenicity and mutagenicity to Salmonella for 
all of the agents ( 90X). This suggests that the Salmonella 
assay is an efficient detector of genotoxic chemicals. 
Moreover, the group of multiple site/trans-species 
carcinogens contained a much higher proportion of mutagens 
(70%) compared with those of the group of single-
species/singl e-si te carcinogens (395t>(lC PEMC, 1988). 
Cancer and DNA Damage 
The rate of DNA damage in carcinogenesis and 
mutagenesis has been extensively reviewed (Cleaver, 1975; 
Maron and Ames, 1983). There is an evidence which support 
that carcinogens and radiations likely to initiate most 
human cancers and genetic defects, do so by damage to DNA 
(McCann ^ §JL'» 1975b>. The correlation between radiation-
induced damage and cancer has long been apparent to 
radiation biologists but through molecular evidence it has 
been found that DNA damage is a direct cause of cancer. The 
evidence comes from patients suffering from xeroderma 
p i gmentosum (Devoret, 1979) and some human disorders like 
ataxia te1angiectasia^B1oom's syndrome and Fanconi's anemia 
are genetic diseases characterized by an increased 
susceptibility to cancer (Walker et. , 1985). Study with 
Syrian hamster also suggested a causal relation between DNA 
damage and neoplasia (DiPaolo and Donovan, 1978; Doniger ^ 
a_L. , 1981). 
DNA Repair 
Damage to DNA threaten- the integrity of genetic 
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information and, therefore, variety of repair mechanisms 
have evolved to counter the potential hazards of our 
environment. It is also a known fact that primary structure 
of DNA is dynamic and subjected to constant change 
(Friedberg, 1985). Any kind of damage Induced in the DNA by 
physical and chemical agents has to be removed and the 
structure of DNA should be restored to ensure preservation 
of genetic wechinery ^^ DNA repair process 
in contemporary biological species were probably evolved to 
protect the organism from its imperfect environment. 
Hollaender and Curtis (1935) have reported the 
recovery of bateria after exposure to ultraviolet light 
(uv). Later, the isolation of an E.co1i by Hill (1958) 
provided the first evidence on genetic control of radiation 
sensitivity. Afterwards several other workers have 
demonstrated that UV-induced thymine dimers in bacterial DNA 
were not excised in a UV-sensitive strain but were excised 
in the wild-type strain (Setlow and Carrier, 1964: Boyle and 
Howard-Flanders, 196A). This suggested that excision of 
thymine dimers from bacterial DNA may be important for cell 
survival and that it Is genetically controlled. Further, the 
same repair system has been shown to operate on the damage 
induced in DNA by carcinogens, mutagens and other 
environmental hazardous chemicals (Ishi and Kondo, 1975; 
Auerbach, 1976; Seeberg, 1981; Friedberg, 1985). These 
suggestion led to the discovery of additional 
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repair systems. The following repair systems have been 
shown to be existing in E.co1t. 
Photoreactivation 
Photoreactivation was the first system to be observed 
in vitro (Rupert ^ , 1958) and was the first to be 
characterized with regard to mechanism (Rupert, 1962a,b>. 
Photoreactivation is a universal phenomenon because it is 
known to occur in E.co1i. yeast and possibly in higher 
animals and plants (Schild et al. . 1984). 
Excision Repair 
An important mechanism for cell survival after UV-
irrediation depends upon the release or excision of 
pyrimidine dimers from the DNA by excision enzymes, and the 
subsequent reconstruction of the twin helix by repair 
enzymes that make use of the intact opposite strand as 
tempelate. Excision repair appears to be a significant 
source of DNA repair virtually in all organisms (Walker 
a 1.. 1985). This repair system have at least four steps 
viz. incision, excision, gap filling and sealing (Hanawalt 
e_t , 1979, Walker, 1985). 
Post Replication RecoBbinational Repair 
The DNA lesions, especially UV-induced pyrimidine 
dimers that are neither split photenzymaticaI Iy nor removed 
from DNA by excision repair,block the continuous progress of 
the DNA replication fork. However, they do not prevent the 
reinitiation of DNA synthesis at a point beyond the dimer 
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(Rupp and Howard-Flanders, 1968). As a result, gaps are 
produced in the daughter strand opposite the lesions. The 
continuity of daughter strand is interrupted by gaps of 
about 1000 nucleotides (Howard-Flauders, 1968; Benbow ^ 
a 1.. 1974). This type of enzymatic DNA repair by which the 
molecular weight of the newly synthesized strand increases 
is called post replication repair. 
Inducible Error-Phone SOS Repair 
The designation 'SOS' (international distress signal) 
implies an error-prone repair induced under enroraously 
stresed condition of cells and the physio 1ogica1 responses 
due to the induction of DNA damage is known as 'SOS' 
response. The existence of SOS network was first postulated 
by Defais e^ ^ (1971) and this was further amplified and 
developed by Radman (1974, 1975) and witkin (1976). This 
'SOS' repair system is highly integrated and sophisticated 
regulatory network, and as the name imp 1ies,he 1ps the cells 
to recover from DNA damage. This repair pathway requires 
recA"*' and 1 exA"'' genotypes of host (Miura and Tomizawa, 1968, 
Defais e^ _aj_. , 1971), it also requires ^ novo protein 
synthesis for expression (Kovel, 1986). It is an inducable 
repair process and is believed to be responsible for a 
common mutagenic pathway (Radman, 1974; Witkin , 1976; 
Walker, 1985, Strauss, 1989). 
Several bacterial genes coordinately function in 'SOS' 
repair. These are UvrA and UvrB (DNA repair), UmuC 
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(mutagenesis), Sf lA ( fi 1 amentatIon), hlmA (Site-specific 
recombination), and din genes with unknown functions, in 
addition to the recA and 1exA (Kenyon, 1983). 
RecA and 1exA genes are the regulators which control 
the 'SOS' reponses. Under normal conditions 1exA protein 
represses the subordinate genes of the system and recA 
protein derepresses these loci in response to DNA damage 
(Kenyon, 1983), LexA protein is a self repressor and also 
binds to similar operator sequences in each gene (Little e^ 
a_L. , 1981; Sancar et , 1982 ; Little, 1984). During 'SOS' 
induction, the 1 exA regulator is cleaved between ala-gly 
bond by the second regulator, the recA protein (Little, 
1984). RecA protein acquires a specific protease activity to 
form RecA * when it interacts with an intracelluar molecule 
that results from certain type of DNA damage and therfore, 
RecA protein is considered to play a key role in the 
induction of 'SOS' response (Radman, 1975; Takahashi ei a! . . 
1986). 
Mutagenicity and Carcinogenicity testing systeas 
Various long and short-term tests have been reported 
for mutagenicity and carcinogenicity testing. It has been 
increasingly apparent that the methods for identifying 
carcinogens by using long-term studies in rodents are unable 
to meet demands for a quick, sure and inexpensive 
identification of environmental carcinogens. Moreover, the 
long-term tests apart from being expensive and time 
consuming, are not practically feasible due to use of 
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whole animal expecially on the large numbers of wastewatersa-
mples(Waters e^ aj., 1989>.Thls has brought about an intensive 
research for appropriate test systems and over the last few 
decades a series of short-term tests have been published 
(Dyrby and Ingvardsen, 1983). 
Short-term tests (STTs) for genotoxic chemicals were 
originally developed to study the mechanisms of chemically 
induced DNA damage and to asses the potential genetic hazard 
of environmental toxic chemicals to humans. Although many 
short-term tests are reported, relatively few of them are 
being used extensively in many laboratories. Widely used 
tests include the Salmonella/mammalian microsome test, tests 
for gene mutations in cultured Chinese hamster or mouse 
lymphoma cells, the sex-linked recessive lethal test in 
Drosophila, test for chromosomal aberrations, sister-
chromatid exchanges, unscheduled DNA synthesis in 
mammalian cell cultures, and cytogenetic analysis in rodents 
(Ashby and Tennant 1988). However, there is no single and 
best genetic toxicology test. Therefore, new test methods 
are being continuously developed and old ones are regularly 
refined. It is, therefore, necessary to revise testing 
strategies in accordance with progress in test methodology 
(Zimmermann, 1985). 
Mutations are commonly detected in microorganisms by 
selecting for reversions In an auxotrophic strain (a strain 
with a specific nutritional requirement caused by a mutant 
gene) or forward mutations that confer resistance to an 
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inhibitory chemical. Thus microbial tests can be conducted 
quickly and inexpensively and are therefore suitable for 
screening large numbers of chemicals. Recently, Tsnnant e^ 
a I (1987) and Ashby and Tennant (1988) reported that no 
combination of the four STTs is better than Sa1mone11 a on 
its own for flagging probable carcinogens. The role of these 
tests has increased, however. because of accumulating 
evidence in support of the somatic mutation theory of 
carcinogenesis (Crawford. 1985: Ames e_t . 1987) and 
because of reports that many rodent carcinogens ijn vitro are 
genotoxic in short term tests (Ames. 1979). 
Ases Testing Systen 
The most widely used test for mutagenicity is the 
SaImoneI 1 a/mamma Iian microsome test developed by Ames and 
his colleagues (1975). The Sa1mone1 I a mutagenicity test 
alongwith other short-term assays (Hollstein ^ . 1979). 
is being extensively used to survey a variety of substances 
in our environment for mutagenic activities (Ames, 196^). 
This test measures back mutation in several soecially 
constructed mutants of Sa1mone1 I a. 
In the Ames test, mutations are detected in histidine 
requiring strains of Salmonella typhimur ium as bacterial 
colonies that grow in the absence of histidine. The test 
includes some strains that revert by base-pair 
substitutions, some revert by transition mutation and others 
that revert by frameshift mutations. For screening of 
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mutagens, test systems must be modified so as to have 
metabolic capabilities like those of a mammal. Metabolic 
activation systems are needed to detect some classes of 
carcinogens, such as nitrosoamines, polvnuclear aromatic 
hydrocarbons, and aromatic amines. Chemicals that are 
mutagenic and carcinogenic only when metabolized are called 
promutagens; they can be activated iji vitro by using 
homogenates of mammalian tissues in the short-term tests 
(Ames, 1973b). The rat liver metabolic activation system, 
frequently called as Sg fraction, is now a standard part of 
mutagenicity testing (Ames e^ aj,. , 1975). 
Recent Advances in Genotoxicity Testing Systens with 
particular reference to water pollutants 
The International Commission for protection against 
Environmental Mutagens and Carcinogens (ICPEMC), affiliated 
with the International Association of Environmental Mutagen 
Societies (lAEMS) suggested that the potential mutagenicity 
of a chemical for somatic or germ cells of humans can be 
predicted using currently available techniques and with a 
level of certainty, proportional to the quality of the 
toxicology, genetics and thought devoted to the task 
(ICPEMC, 1988). 
Some genotoxicity assays in current use have been 
inadequately developed. Recently Tennant (1987) suggested 
that three of the better-known short-term tests; The 
chromosome aberration, sister chromatid exchange and 
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mutagenicity assay using mouse lymphoma cells would falsely 
label more non-carcinogens as carcinogens owing to their 
high sensitivity and less specificity than the Ames test. He 
further observed that no combination of the four tests is 
any better than Sa1mone11 a microsome assay. A recent 
evolution of Salmone11 a mutagenic compounds in the National 
Toxico1ogica1 Programme data base has shown that TAIOO alone 
detected 83% of the mutagen and the combination of 
TA100/TA98 detected 93X in water concentrates (Zei ger et al.j 
1987). A second genotoxicity assay conducted iji vivo was 
suggested by Ashby and Tennant (1986). The test is the mouse 
micronucleus assay which reacts on cells with chemical Iv 
induced chromosome aberrations having an unusual 
distribution of chromatin during cell division which can be 
observed as distinct micronuclei in cytoplasm. Validation of 
this genotoxicity assay, is likely to be of more use than in 
V i tro tests which do not aid identification of carcinogens. 
A new precipitation assay used together with the 
alkaline unwinding assay provide a rapid means to detecting 
DNA-damage in addition to strand breaks based on the 
relative amount of damage measured by the two assavs (Peggv 
et. aj.. , 1988). 
Ames (1989) has invited a great deal of controversy 
over the popular view that synthetic carcinogens are posing 
a higher risk than the natural ones. He also suggested that 
carcinogenic hazards from current levels of pesticide 
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residues (or water pollution are likely to be of minimal 
concern) relative to the back ground levels of natural 
substances, though one cannot say whether these natural 
exposures are likely to be of major or minor importance. 
The reliable and sensitive detection of genotoxic 
compounds in our environment is no longer a barrier to 
further study, as several sophisticated analytical 
techniques such as high performance liquid chromatography 
(HPLC), Gas chromatography (GO with MS and HPLC/MS are now 
available (Shuller, 1987; Betowski and Jones, 1988; Thomas 
and Wi11iara, 1988). 
Several other techniques are currently available. or 
are under development, to study the extent of DNA 
interactions, for example. . by the identification, 
quantitation and repair of DNA lesions (among them DNA 
adducts). Moreover, recombinant DNA techniques could also 
allow the detection of mutations at the molecular level 
(Lohman e^ aJL-. 1987). 
Studies are being undertaken to investigate whether 
concentrated water samples are mutagenic in mammalian cells. 
Other lines of experiments which are in progress are aimed 
at identifying the organic and inorganic compounds 
responsible for the mutagenic activity and investigating the 
effect of different treatment practices on mutagenicity, 
with a view to either removing or preventing the formation 
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of the mutagenic compounds (Wilcox and Horth, 198B). 
Definition of the Problea and Objectives of the Ph.D. Work 
The environmental carcinogens even i-f is present at low 
level can adversely affect the animal tissue. and the 
affected tissues rarely return to their normal condition. 
The summation of effects in exposure time and the long 
interval (latent period) which passes after tumour induction 
before the tumour becomes clinically manifested, 
demonstrated that cancer can develop in man and animals long 
after the causative agent has been in contact or disappeared 
(Ray and Prasad, 1987). 
It is, therefore. important to realize that the 
incidence of tumour/cancer in man today may reflect the 
exposure of 15 or more years ago. Similarly, any increase of 
carcinogenic contaminants in man's environment today will 
reveal its carcinogenic effect some 15 or more years from 
now. For this reason it is important that every effort be 
made to detect and control the sources of carcinogenic 
contamination of the environment well before the damaging 
effects become evident in man. Similar concepts may also 
apply to the need for evaluating other forms of chronic 
toxicity. Environmental cancer remains one of the malor 
problem diseases of modern man. 
In view of these long term problems associated with 
environmental pollution, the practical application of 
present work is to highlight the putative hazards of 
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pesticide and heavy metal pollutlon in reverine system. 
The short-term tests would obviously be the first step 
forward in the direction to minimizing the exposure to the 
potentially toxic chemicals as prevention is always better 
than cure. For this study, we have selected the 'Ganga' 
river (The Ganges) as the source of water samples. The Ganga 
river is the largest river of India and caters the need of 
millions of people of Northern India. It also attracts 
people from other parts of the country due to its unique 
soclo-re1igious status. The Ganges water is, therefore, 
continuously used for drinking and other purposes. On the 
other hand, it carries a lot of pollution in the form of 
agricultural and industrial wastes as well as thsit arise 
out of socio-religious human activities along the banks of 
the river. Despite these facts coupled with the well known 
genotoxicity of certain pesticides and heavy metals (Kamal 
and Ralph, 1986, Wong, 1988; Ames, 1989; Mehrotra e^ al. , 
1990), Ho concerted efforts seem to have been made to 
investigate the mutagenic potential of the river water as 
far as our country is concerned . The work presented in this 
thesis covers a preliminary study on the mutagenic activity 
of pesticides and heavy metals derived from the Ganges water 
samples. 
The aforementioned literature describes the present 
status of the problem. Our aim was therefore- to initiate 
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the work, on the identification and screening of certain 
organic and inorganic pollutants with particular reference 
to pesticides and heavy metals for their potential mutagenic 
effect. 
The major objectives were as follows : 
i) Collection of water samples from four stations viz. 
Narora, Kachla, Fatehgarh and Kannauj in the upper 
middle stretch of Ganga river. 
ii) Concentration of organic constituents from the Ganga 
Water samples employing XAD-resin. 
iii) Isolation of organochlorine and organophosphorus 
pesticides by 1iquid-1iquid extraction method. 
iv) Identification of pesticides from the concentrated 
water sample with the help of HPLC. 
v) Quantitative screening of (a> organic pollutants (b) 
mixture of pesticides (c) heavy metals (d> and bile 
fluid of fish for mutagenicity employing Ames testing 
system. 
vi) Mutagenicity testing of (a) organic pollutants (b> 
mixture of pesticides (c) heavy metals (d> and bile 
fluid of fish employing the DNA repair defective 
mutants of E^ co1i . 
vii> Quantitation of the DNA damage and abnormality brought 
about by the test Water Samples employing the sister 
•chromated exchange method. 
viii)l_n vitro studies on the nature of potentially mutagenic 
lesion in calf thymus DNA produced by the potent 
pesticides (especially in the DNA back bone) employing 
(a) hydroxyapatite chromatography (b) Sj nuclease 
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hydrolysis (c) Alkaline unwinding assay etc. 
ix) Quantitative determination of DNA base damage in the 
presence of test water samples. 
CHAPTER-II : GENERAL MATERIALS AND METHODS 
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Table 1; The Satmone tla typhimur ium and Escherichia co1i strains 
used in this study have been tabulated as under i 
Strain 
designation 
Relevant genetic markers Source 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
AB1157 
AB2463 
AB249A 
KLAOO 
KL403 
UVrB. hisD6610. bio, rfa. 
R-factor plasmid-pKMlOl 
uvrB, hisD3052. bio, rfa. 
R-factor plasmid-pKMlOl 
UVrB. hisG46. bio, rfa. 
R-factor plasmid-pKMlOl 
rfa. R-factor piasmid-pKMlOl. 
multicopy fslasmid-PAQl contain-
ing hisG428 auxotrophic markers 
and tet^ 
UvrB. hisG428. rfa. 
R-factor plasmid-pKHlOl 
E.coli K-12 Strains 
thi-1. argES. thr-i. teuBS. 
proA2. hisG4. lacYi. F~, Str^./ 
recAia, thi-1. argES. thr-l. 
IeuB6. proA2. hisG4. F~, Str-,^ 
lexA. thi-1. thr-l. leuBS. 
proA2. hisG4. metB. lacYi. F~, 
st^ 
thi-1. 16x86. proC32. hisF860. 
Iac736. molA38, ara-14. mt 1 - 1, 
xyl-5. atrAlQ9. spe-15.. 
polAl, ara-14. Iex88. Iac236. 
procC32. hisF86Q. thvA54. 
rpsE2115, rps21Q9. malA38. xyl-5. 
mtl-l. thi-1. 
Araes, B.N, 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Howard-Flanders, 
P. 
Howard-FIanders, 
P. 
Howard-Flanders, 
P. 
Barbara, J.B. 
Barbara, J.B. 
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Methods 
Saaple collection and situation of the collection sites 
The Ganga River is the largest river in India covering 
a distance of about 2,525 Km in the states of Utter Pradesh, 
Bihar and West Bengal. The present study is concerned with 
about 250 Km stretch of the river from Narora to Kannau1 in 
Utter Pradesh. A total of 48 water samples were collected 
for a period of one year between March, 1989 to March. 1990 
usually at 30 days interval viz. from four sampling stations 
i.e. Narora, Kachhla, Fatehgarh and Kannaul. Narora was 
located at a. latitude 20. 10',30" and longitude 78,24'15", 
Kachhla's 1 ocat i on wasi at a 1 at i tude 27, 55' 58" and longitude 
78.15',29", Fatehgarh at latitude 27,24'7" and longitude 
79.37'55" and Kannauj at latitude 27,0',3" and longitude 
79,59*18. Samples were collected in sterile glass bottles 
about 30 cm under the water surface. The time between sample 
collection and extraction did not exceed 6 hr. The liauid 
extracts and XAD concentrats were, however, stored at -20*C 
for longer times ranging from 1 week to 16 months. 
Preparation of concentrated water extracts 
(i) XAD—Extraction •ethod : For the concentration of organic 
constituents a volume of 18 to 20 liter of river water was 
collected per sample. The samples were collected from the 
four stations of the upper middle stretch of Ganga river 
viz. Narora, Kachla, Fatehgarh and Kannau}. Before 
concentration, the water samples were filtered over two 
membrane filters with pore size 8um and 0.45u«i (aillipore 
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waters). Adsorption of the organic constituents on the XAD 
resins were carried out as described by Wilcox and 
Williamson (1988). XAD-4 and XAD-8 resins were obtained from 
Serva GmbH, Hiedelberg, F.R. Germany. For about a 1000-fold 
concentration. 20 liters of filtered river water were oassed 
through the washed column at a constant temperature of 20-
25*C and with a flow rate of 5-20 ml/min. The adsorbed 
organic material was then eluted with about 20 ml of 
acetone. This eluate was evaporated to dryness and 
reconstitued in DMSO such that 1 mi of extract was 
equivalent to 10 liter of original water. These samoles were 
filter-sterilized through 0.45ura membrane filters and stored 
at - 20*0 until testing was completed. 
(ii> Liquid—Liquid Extraction : Organoch1 orine and organo-
phosphorus pesticides were isolated by 1iquid-1iquid 
extraction method as described by Singh e_t, aj_ (1987). About 
one liter of the well mixed water samples were extracted 3 
times with 50 ml n-hexane (HPLC-grade) by continuous 
shaking. About 150 ml hexane extract contained all the 
organoch1 oride pesticides. 
Organophosphorus pesticides were extracted from the 
same water sample which was already extracted with hexane. 
In this water sample . 50 ml chloroform (HPLC-grade> was 
added 3 times and 150 ml chloroform extract was collected 
which contained organophosphorus pesticides. Extracted 
organic phases were transferred to the round bottom flask 
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and evaporated at 40"C under reduced pressure with the help 
of vaccum pump and reduced the volume of ectract to 2 ml. 
The extract was then transferred into a 5 ml volumetric 
flask and made up the volume upto the mark. For mutagenicity 
testing about 10 liters of river water was extracted, and 
the volume was reduced to 1 ml. These samples were filtered 
through 0.45um membrane filter before they were used for 
pesticide analysi's in HPLC and mutagenicity testing. 
Maintenance and growth of bacteria ; Each strain of 
Salmonella typhimurium was streaked over master plate. A 
single colony was picked up, grown in minimal medium and 
repurified by streaking over fresh master plate. Likewise 
each strain of E.co1i was purified by streaked over nutrient 
agar plates. The cultures were regularly tested on the basis 
of associated genetic markers raising them from a single 
colony from the master plates. Having satisfied with the 
test clone the culture was raised and streaked over minimal 
and nutrient agar slants. It was then allowed to grow 0/N at 
37°C and stored at 4°C. Every month cultures were 
transferred over fresh slants with TA102 strain as an 
exception. It was transferred after every 15 days. Stabs 
were also prepared for longer storage. 
Over night culture of S. typhimurium strains were used 
as such for experiments. Overnight culture of E.co1i were 
raised in nutrient broth at 37'C. The culture was diluted 
fifty times till the cell density reached to about 2 x 10® 
viable counts ml"^. Such exponential cultures were used in 
al1 the experiments. 
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Haterials 
Media for Anes Strains 
Hediua for aaster plates and slants ; The composition of thg 
medium for Ames strains to prepare master plates and slants 
was as under : 
Sterile 50 x VB Salts* 20 ml 
Sterile agar 15g/910 ml 
Sterile 40% glucose 50 ml 
Sterile histidine HCl.HgO 10 ml 
(2g per 400 ml H2O) 
Sterile O.SmM biotin 6 ml 
Sterile ampicill in solution 3.15 mi 
(8mg/ml 0.02M NaOH) 
Sterile tetracycline solution 
(8mg/ml 0.02 N HCl) 
For the preparation of plates, the above components 
were mixed with the molten agar. 
**Tetracyc1ine was added only for use with TA102 which is 
tetracycline resistant. 
*Stocl< solution of VB salts (IX) was prepared using the 
following ingredients : 
MgSO^.THgO 0.2 g/1 
Citric and monohydrate 2.0 g/1 
KgHPO^ (anhydrous) 10.0 g/1 
NaHNH^PO^.AHgO 3.4 g/1 
The salts were added in the order indicated to warm 
distilled water and each salt was allowed to dissolve 
completely before adding the naxt. The solution was then 
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autoclaved for 20 rain at 121"C. 
Hiniaal glucose plates for Butagenicity assay : 
Sterile VB Salts 20 ml 
Sterile 40X glucose 50 ml 
Sterile agar 15 g/930 ml distilled 
water 
The above components were mixed with the molten agar 
and then 30 ml was poured over each plate. 
Top agar for •utagenicity assay : The top agar contained 
0.6* agar powder and 0.5X NaCl. 10 ml of sterile solution of 
O.SmM histidine. HCl/O.SmM biotin was added to the molten 
agar and mixed thorough 1y by swirling. 
O.ShH histidine/biotin solution for Butagenicity assay : 
D-Biotin 30.0 mg 
L-Histidine HC1 24.0 mg 
Distilled water 250.0 ml 
First biotin was dissolved by heating the water to the 
boiling point. Then histidine was mixed to it and finally 
the solution was sterilized for 20 min at 121*C. 
0.2 H Sodiua phosphate buffer, pH 7.4 : 
NaH2P04.H20 13.8 g/500ml 
Na2HP0^ 14.2 g/500ml 
The pH was adjusted to 7.4 and sterilized at 121'C for 
20 min. 
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Sg aix for autagenicity assay : Sg (Livers of Spragus-Daw1ev 
rats. Aroclor 1254-Induced) mix was prepared bv mixing (per 
3.0 ml) sterile distilled water. 1.185 ml' 0.2M NADP, 
0.120ml,' IM glucose-6-phosphate, O.OlSml; sterile 0.4M 
MgCl2-l-65M KCl salts. 0.060ml; Rat Liver Sg fraction, 
0.120ml (4%). Sg mix was freshly prepared for each 
exper iment. 
Media for E.Coll K-12 strains 
Nutrient broth (13 g/1) : Nutrient broth obtained from Hi-
media (India) had the following composition : 
Teptone 5.0 g/1 
NaCl 5.0 g/1 
Beef extract 1.5 g/I 
Yeast extract 1.5 g/1 
pH (approx. ) 7.4 0.2 
In the nutrient broth obtained from Difco (U.S.A.), 
NaCl was also added to it — 
Nutrient broth 8 g/1 
NaCl 5 g/l 
Nutrient agar (Hard agar) : 
Nutrient broth 13 g/1 
Agar powder 15 g/1 
MgSO^.VHgO Solution (O.GIM) : For all dilutions. 0.01 M 
MgSO^ solution was used. 
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Buffers and solutions for in vitro tests 
O.OIM TNE buffer : For preparing DNA solution. 2 mg/ml 
solution of calf-thymus DNA was prepared in O.OIM TNE or TN 
(O.OIM Tris- HCl, pH 7.5; O.OIM NaCl and lO"*^  M EDTA) 
Buffer. 
IM SodiuB phosphate buffer <pH 7.0) : 1 M sodium ohosohate 
buffer was prepared for hydroxyapatite chromatoeraohv. 
Further dilutions of the buffer were done with this stock 
buffer. 
Solutions for Sj^  nuclease hydrolysis 
Sj^  nuclease dilution (1 unit/ul) : 
Sterilized S^ nuclease buffer (pH 4.5) 200 ul 
Sterilized glycerol (5X) 50 ul 
Sterilized distilled water 744 ul 
Sj nuclease 6 ul (=1000 units) 
S^ nuclease buffer pH 4.5 : 
0.5M sodium acetate (pH 4,5) 
l.OraM ZnSO^ 
Perchloric acid was used at strength of 14% and bovine 
seriura albumin 10 mg/ml in sterilized distilled water. 
Diphenylaaine reagent for the estimation of DNA ; 
Diphenylamine 250 mg 
CHgCOOH (glacial) 25 ml 
H2S0^ (conc.) 675 uI 
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I_n Vitro Testing of Sister Chroaatid Exchange (SCE) 
Preparation of culture aedia : Tissue culture 199 with Ji-
gjutamine and Hapes buffer without NaHCOg was alwavs 
prepared in advance and stored at 4'C, but the storage never 
tasted longer than a week. i.Sug of medium was dissolved in 
100 ml of triple distilled water by gentle shaking. Then, 
penicillin (100 y/™'^ and streptomycin (100 v/ml) were added 
and the pH was adjusted to 6.8 - 7.2 with NaHCOg or HCl. 
The medium was sterilized by using the 0.45um millipore 
filters. The filtered medium was then stored in sterilized, 
tightly capped glass bottles. 
Collection of blood Samples : Peripheral blood from the 
healthy donor was taken (fresh every time) through vein 
puncture under aseptic conditions using disposable needles 
(21 guage) and disposable Syringes. Heparin (1000 0/ml) 
was used as anticoagulant. The samples of blood were 
immediately transferred to heparinized vials. 
Setting up the cultures: Lymphocyte culture was oreoared by 
adding 0.2ml of blood to 3 ml of culture medium suooleraented 
with 0.1ml phytoheamagglutinin (PHA-P) and 15% Faetal Calf 
Serum. The culture vials were than tightly capped to avoid 
CO2 loss and after gently mixing their contents these were 
incubated at 37*C in dark for 72 hrs. Colchicine 
(0.20ug/ml) was added 1/2 hrs prior to harvesting., to 
arrest the cells at metaphase stage. 
Harvesting of the Culture: After the 72 hrs incubation, the 
cultures were taken out from the incubation and were 
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transfered to centrifuge tube. The cells were spun down bv 
centrifugation (1000 fpra) and the supernatant were 
dIscarded. 
Hypotonic treatment (0.075M KCl) were given for 15 min 
at 37*C and cells recollected by centrifugation. After that 
the cells were suspended in 8ml freshly prepared chilled 
fixative. Methanol; acetic acid (3:l)was added drop by drop 
with a pasteur pipette while continuously shaking the pellet 
as to avoid the formation of clots. In order, to ensure the 
proper fixation. the cells were kept suspended in the 
fixative for a period of overnight preferably. Two or three 
changes with fresh fixative were given before preparing the 
si ides. 
Slide preparation: After giving final washing in the 
fixative. the cells were resuspended in 5ml of fresh 
fixative. Two or three drops of cell suspension were 
dropped on dry. clean, grease free, pre-chilled net 
microscope slides. 
CHAPTER-III : QUALITATIVE AND QUANTITATIVE ANALYSIS 
OF ORGANIC AND INORGANIC POLLUTANTS 
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Introduction 
During the recent decade our country has dramatically 
increased the agricultural productivity, and has introduced 
a large number of pesticides to control the harmful 
organisms as well as for eradication of disease-vectors. 
Moreover, hundreds of large and small scale industries are 
supposed to spill tremendous amount of heavy metals into the 
sewage in the form of industrial effluents (Ajmal and Khan, 
1984; Kumar and Bisht, 1987). 
The river Ganga is the most important river of India 
crossing through three most popu1ar, industria11y developed 
and agricultural based states providing water for drinking, 
domestic, agricultural, industrial, recreational and other 
purposes. Moreover, it carries a lot of pollution in the 
form of agricultural and industrial wastes as well as arise 
out of socio-religious human activities alongwith the banks 
of the river. The exposure of these toxic organic and 
inorganic constituents in surface water is considered to 
pose chronic effects not only to the aquatic organisms but 
also to man in terras of long-term genetic hazards. Several 
investigators have reported the mutagenic activity of 
organic and inorganic substances (Kornberg ej^  a 1.. 1985a; 
Wilcox and Willamson, 1988; Wong, 1988). 
The compounds responsible for the major proportion of 
the mutagenic activity and other diseases are still unknown 
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presumably due to the selectivity of the analytical methods 
and also because of the presence of minute amount of the 
pollutants. These problems however, are no more serious 
now a days owing to the development of suitable concentrating 
procedure and several analytical methods. 
The work presented in this chapter Is based on the HPLC 
and atomic absorption spectrophotometric studies for the net 
organic and inorganic pollution load in terms of pesticides, 
and heavy metals in the test stretch of Ganga river between 
Narora and KannauJ. 
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Materials and Methods 
High Perforfflance Liquid Chronatography of Pesticides 
For HPLC analysis all the standard pesticides were 
obtained through the courtesy of Dr. G.A.S. Ansari 
(Galweston, U.S.A.). Standard solutions were prepared 
according to the method of Singh et ^ (1987) and stored at 
low temperature. Those samples were filtered through 0.45 urn 
membrane filter before use. HPLC system used in this work 
was of Waters (Milford, M.A.) Model 600 containing a Waters 
injector and a Waters Model 4490 programmable UV detector. 
Compounds were chromatographed on a reverse-phase 
u—Bondapach Cj3 column. For pesticide analysis the 
instrument was stabilized and thoroughly washed with 
methanol (HPLC grade). The appropriate volumes of samples 
were injected into column and retention times were measured 
at 254 nm with the mobile phase of 80:20 acetonitrile and 
water. As soon as the standard runs were over, the unknown 
samples (concentrated extracts of water as described in 
Chapter II) were injected under the same conditions as for 
standard runs. Identification of individual pesticides 
alongwith its quantification was done on the basis of 
positions and heights (area) of different peaks obtained 
with the test sample compared with the standard pesticides. 
Atomic Absorption Spectroscopy* 
The atomic absorption spectrophotometer used in this 
study was GBC 902 model (Australia) with the Air-Acetylene 
*Atomic absorption spectroscopic analysis of heavy metals 
was carried out by the Environmental and Civil Engg. Deptt. , 
A.M.U., Aligarh. 
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gas and the hollow cathode lamps (HCl) was used to produce 
characteristic radiation for the element whose radiation is 
to be found. For atomic absorption all the standard heavy 
metals were obtained from B.D.H. (India). Standard solutions 
were prepared as described in APHA (1985) and Ahmad ejt aX 
(1987). These samples were filtered through 0.45 um membrane 
filter before use. The instrument was stabilized and a blank 
solution was used to set the instrument at a fixed point 
(lOOX transmittance or zero absorbance). Three different 
concentrations of each standard metal solution ware selected 
and aspirated into flame and the absorbance was recorded 
(Table 3). The unknown samples were injected into a flame, 
through a pneumatic nubulizer as aerosol. The aerosol, mixed 
with fuel and air, in the flame chamber, was transported to 
the flame. In a flame, there is an equilibrium among the 
molecules, atoms, temperature, etc. Since only the atoms are 
capable of absorbing characteristic radiation, parameters were 
set to obtain the maximum number of atoms. The reading of 
the absorbance of light by the solution was recorded and the 
concentration of the unknown solution (C) was determined as 
fo11ows : 
absorbance of unknown solution 
C = X conc. of standard solution 
absorbance of standard solution 
The standards were periodically checked during a run. 
The calibration curve uwre also rechecked by aspirating at 
least one standard after completing the analysis of a group 
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of samples. To verify the baseline stability a blank was run 
between the sample and standard readings. 
Results 
Identification of Pesticidal load in Ganga River by High-
Perforaance Liquid Chromatography 
The standard pesticides (viz. organoch1 orine and 
organophosphorus> used in this study are listed in Table 1 
with their retention times and areas of peaks. The HPLC 
chroraatogram of the selected standard pesticides are shown 
in Figs. 1 and 2. 
The average concentrations of organoch1 orine and 
organophosphorous pesticides from four different sampling 
stations (viz. Narora, Kachla, Fatehgarh and Kannauj) are 
summarized in Table 2. It was observed that the Ganga River 
was contaminated with high levels of several organoch1 orine 
and organophosphorus pesticides, at all the sampling 
stat ions. 
HPLC Analysis of Narora Water Sanple : Figs. 3 and 4 show 
the chromatograms of organoch1 orine and organophosphorus 
pesticides separated by HPLC from Narora water samples. It 
was found that the Narora sample contained some common 
pesticides like DDT, BHC, A 1drin,Die 1drin, endrin etc. DDT 
was present at the concentration of 1.36 ppb level, BHC was 
found at the level of 1.38 ppbf Aldrin was present at the 
level of 0.98 ppb whereas dieldrin was found at the 
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concentration of 0.41 ppb and endrin was present at the 
level of 0.67 ppb. The organophosphorus pesticides I.e. 
dlraethoate was found at the concentration of 2.00 ppb, 2.4-D 
was present at the level of 0.30 ppb and the pesticide 
methyl parathione was found at the concentration of 4.16 ppb 
level in Narora water sample. 
HPLC Analysis of Kachla Water Samples : The chromatogram of 
Kachla water sample is shown in Figs. 5 and 6. We 
observed that several organoch1 orine and organophosphorus 
pesticides. DDT and aldrin were present at remarkably high 
concentration, of 3.33 and 2.81 ppb respectively. On the 
other hand BHC was found at the level of 1.73 ppb. Kachla 
sample also exhibited the pesticides TDE and lindane at the 
concentration of 0.88 and 0.56 ppb. Dieldrin was found at 
the level of 0.66 ppb but endrin was not detected at all in 
this sample. Three organophosphorus pesticides like 
dimethoate was found at the level of 4.19 ppb, 2.4-D at 0.66 
ppb and methyl parathione was found at the highest 
concentration of 5.00 ppb level. 
HPLC Analysis of Fatehgarh Water Saaple : Figs. 7 and 8 
depict the chromatographic patterns of the Fatehgarh water 
samples. The samples exhibited a significant level of both 
organoch1 orine and organophosphorus pesticides as is 
indicated In Table 2. In this sample,DDT and dieldrin were 
found at significantly high, level i.e. 5.19 and 4.11 ppb 
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respectively. BHC was present at the level of 2.33 ppb 
whereas aldrin and endrln were found at the concentrations 
of 1.17 and 1.14 ppb. This sample did not Indicate the 
presence of lindane. Dimethoate and methyl parathione both 
were present at the levels of 4.96 ppb. 2.4-D was not at all 
detected in the Fatehgarh water samples. 
HPLC Analysis of Kannauj Water Saaples : The organoch1 orine 
and organophosphorus chromatograms in Kannauj water 
samples a^e shown in Figs. 9 and 10. These samples exhibited 
a significant level of certain pesticides. It contained the 
maximum number of organoch1 orine pesticides. DDT, BHC and 
TDE were present at the highest concentrations of 5.33, 3.01 
and 2.41 ppb respectively. Aldrin and dieldrin were present 
at the level of 1.81 and 0.49 ppb whereas endrin was found 
at the level of 1.04 ppb and a new pesticide endosulfan was 
also detected at the level of 0.75 ppb. Dimethoate was found 
relatively at a higher concentration of 5.66 ppb in this 
sample compared with other test stations. The pesticide, 
methylparathione was present at low level of 1.60 ppb 
compared with that at other stations. 
Several unidentified peaks were also observed as 
indicated in the respective chromatograms of al1 four 
sampling stations. 
Table 3 shows the field survey conducted by Geography 
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Department, Aligarh Muslim University on the application of 
several organoch1 orine and organophosphorus pesticides and 
insecticides used throughout the stretch of Ganga River per 
year (ISGES N to K, 1990). This survey was separately done 
during the-time of our study under the Joint research project on 
Ganga water. The recommended permissible limits of different 
organic contaminants is shown in Table 4 which is based on 
WHO Guide Lines (1984). 
Determination of heavy setaIs by Atoaic absorption 
spectrometrlc aethod in four different stations 
The selected standard heavy metals used in this study 
are listed in Table 5. The detection limit, flame, optimum 
concentration and characteristic wavelength are also 
indicated in the Table. 
The atomic absorption spectrophotometric analysis of 
ten heavy metals in the four different sampling stations 
(viz. Narora, Kachla, Fatehgarh and KannauJ) are summarized 
in Table 6. The concentration of ten heavy metals viz. Cd, 
Co. Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn at all the test 
stations are also given in the Table 6. A significant level 
of Cd, Cr, Fe, Hg and Pb metals were observed. Cadmium was 
present at the level of 1.7 to 9.6 ppb, chromium was found 
at the concentration of 5.6 to 106.1 ppb, mercury exhibited 
the level of 1.4 to 6.7 ppb and lead was detected at 10.3 to 
432.1 ppb level. Moreover, iron was found at the 
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concentration of 334.2 to 4879.0 ppb. On the other hand 
other metals such as Co, Cu. Mn, Ni and Zn were present 
within the recommended permissible limits as Is shown in 
Table 6. 
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Discussion 
A number of improved analytical methods have been 
extensively used to identify the organic and inorganic 
contaminants of polluted water. These contaminants consist 
of both natural and synthetic compounds (Ahmad e^ a 1.. 
1987). Most of the genotoxic organic compounds can be 
considered potential target analytes in a broad spectrum of 
analytical method (Thomas and William, 1988). These 
potential analytes include many pesticides, herbicides and 
other products of carbonyl functional groups. This large 
group of environmental compounds can be measured by using 
Gas Chromatography (GO, GC/Mass spectroscopy (MS), Gas 
Liquid Chromatography (GLC), GLC/MS, High performance liquid 
chromatography (HPLC) and HPLC/MS with ultraviolet and other 
conventional detectors (Lawrence and Turton, 1978; Loper, 
1980; Van Nehring e^ aj_. , 1986; Betowski and Jones, 1988). 
Toxic metals are also some of the important items on 
the list of water quality problems. Certain elements can 
withstand every treatment and can persist in water for a 
longer time. These in turn are incorporated into biomass and 
their concentration may be magnified many folds by the 
natural biota. The indefinite persistence of metals in one 
form or another can pose a great threat to the ecosystem and 
in turn to human beings. The important task, therefore, is 
to set up water quality standards on toxic metal 
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concentrations, for which highly accurate analytical 
procedures are required. Atomic absorption spectroscopy 
has become one of the most extensively used techniques for 
the determination of composition of trace elements in a wide 
variety of materials (APHA, 1985; Ahmad el , 1987). 
Four samples obtained from the Ganga River were 
analysed for the compounds by HPLC (Table 1). The results 
of the analysis of the four samples from different test 
stations (Table 2 and Figs. 3-10) revealed that the levels 
of almost all the organochlorine (OC) and organophosphorus 
(OP) pesticides in the water were above the maximum 
permissible limits of water (AAO/WHO 1984; Table 4). The 
concentrations were generally correlated with the solubility 
of these pesticides, so that there were highest 
concentrations of BHC, DDT and dimethoate and the lowest 
concentrations of other pesticides. Wershew ejb a_l_ (1969) 
reported a 20-40fold increased solubility of DDT in water 
containing a high concentration of humic acids. Richard e_t. 
al (1975) recorded the level of DDE 1.8 ppb (ug/1) in the 
unfiltered surface water from Skunk River, Iowa. Agarwal e^ 
a 1 (1986) also reported DDT concentrations ranging between 
0.04 and 3.42 ug/1 in water from river Jamuna near Delhi. 
Our results are also nearly the same as reported by earlier 
workers. But Bakre et. aj_ (1990) reported the high level of 
Organochlorine residues in different water samples of Mahala 
Water, Jaipur (India) ranging between 1.07 and 81.23 ug/1 
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among which DDT was present at the concentration between 
0.03 and 19.32 ug/1 and the aldrin with high range of 
39.82 ug/1 and a low range of 0 .12 ug /1. A highly toxic 
pesticide, endosulfan was found only in Kannauj water 
sample at the level of 0.75 ug/1 and lindane was present 
in Kachla water sample at the concentration of 0.56 ug/1. 
The use of DDT is restricted in many countries including 
India even for the control of mosquito as was 
recommended by the Public Health Programme. Even the 
restriction of DDT and BHC would probably not serve 
the purpose since they have already become universal 
pollutants and are virtually reported from every 
component of the environment (Rup Lai ej: aL-» 1989). 
Many vegetable oil and oil seeds were reported to be 
contaminated with these pesticides (Dikshit et al. , 1989). 
The field survey carried out by the Geography Group showed 
the agricultural activities on both the banks of the river. 
Organoch1 orine pesticides were predominantly used accounting 
for over 97% of the total insectisides and pesticides used, 
and thus agricultural run is expected to contribute heavy 
pesticidal load in the river reach. The chromatogram of HPLC 
in four different water samples (Figs. 3-10) also displayed 
many unidentified peaks because the retention times of our 
standard pesticides (Figs. 1-2) did not match with these 
peaks. 
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The results of AAS clearly Indicated a wide range of 
heavy metals (Table 5). The concentrations of ten heavy 
metals viz. Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn have 
also been given in Table 5. Some heavy metals such as Cd, 
Cr, Fe, Hg and Pb present in Ganga water even crossed the 
permissible limits laid down by WHO (1984) guide lines 
(Table 6). Other heavy metals like Co, Cu, Mn, Ni and Zn 
were within the limit in all the four sampling stations. 
These heavy metals are expected to enter the aquatic system 
by direct discharges of industrial and urban effluents and 
surface runoff. Some heavy metals such as Cd, Cu, Cr, Pb and 
Hg are highly toxic even at lower concentrations(ISGEN to 
K,1990). All the sampling stations contain a high iron 
content and the concentration of iron increased from Narora 
to Kannauj (Table 6). The high iron content could be due to 
the presence of limonite (core of iron) which was reported 
at Kannauj by the Geology Group, AMU in its survey during 
the same period. Ajmal e^ al_ (1983) reported that the 
individual metals were not much toxic but the mixture of 
these metals were highly toxic. They also reported that the 
mixed metals did not allow bacteria to grow in abundance and 
this phenomenon according to them would lead to a problem of 
high pollution in the lakes, rivers and reservoirs if such 
metals were discharged. Our results on the mutagenicity of 
heavy metal mixture also support this idea (Chapter IV). 
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Our results support the Idea that the persistence of 
organic and inorganic pollutans in the water may pose a 
serious hazard directly for the aquatic life and indirectly 
to man in terms of long-term genetic hazards. 
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Table - 1 : Analysis of Selected Standard Pesticides by 
High-Perfarnance Liquid Chroaiatographic Method 
Pesticides Concentration Area 
(ug) 
Recovery (%) Retention Tine (ain) 
ORGANOCHLORINE 
Aldrin 0.01 16846 100. 0 3.62 
^ - BHC 0.01 47879 82.6 3.25 
DDD or TDE 0.01 37464 99. 1 7. 15 
DDE 0.01 123594 99.5 8.77 
DDT 0.01 11564 98. 9 5.89 
Dieldrin 0. 01 65242 99. 7 8.09 
Endosulfan 0.01 149807 99.5 6.89 
Endrin 0.01 41325 100.0 6.72 
Heptachlor 0. 01 119717 90.5 4. 90 
Lindane 0.01 133477 100. 0 3.99 
Methoxychlor 0. 01 124387 97. 7 7. 38 
ORGANOPHOSPHORUS 
Atrazine 0.01 6612118 99.7 11.41 
Carbofuran 0.01 279842 99.6 6.48 
Dimethoate 0. 01 128976 100. 0 3.31 
2, 4-D 0.01 550203 100.0 6.81 
FarbaiD 0.01 308597 100.0 7.60 
Methyl Parathine 0.01 308060 99. 6 6.67 
Parathione 0.01 144668 100.0 9.45 
Phosphamidane 0.01 695924 98. 1 7. 11 
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Fig. 2 Reversed - phase HPLC chroBatogran of standard 
organophosphorus pesticides used under study. 
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Table 2 : Residual Pesticidal Load of Ganga Stretch at Various 
Stations. (Values are in ppb) 
Pesticides 
Narora 
Stations 
Kachla Fatehgarh Kannauj 
ORGANOCHLORINE 
Aldrln(HCH) 0.95 
ot - BHC 1.38 
DDD (TDE) N.D. 
DDT 1.36 
Dieldrin 0.41 
Endosulfan N.D. 
Endrin 0.61 
Lindane N.D. 
ORGANOPHOSPHORUS 
Dlraethoate 2.00 
2, 4-D 0.30 
Methylparathione 4.16 
2.81 
1.73 
0. 88 
3.33 
0.66 
N.D. 
N.D. 
0.56 
4. 19 
0.66 
5.00 
1. 17 
2. 33 
1. 30 
5. 19 
4. 11 
N.D. 
1. 14 
N. D. 
4. 96 
N.D. 
4. 96 
1.81 
3.01 
2.41 
5.33 
0. 49 
0.75 
1.04 
N.D. 
5.66 
N.D. 
1.60 
N.D. Not detected. 
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Table 3: Application of Pesticides and Insecticides in 
some Villages on the test Stretch of Ganga River 
Pesticide A11 values are in (Kg/year) 
Aldrin 0.2 - 0.3 
BHC 3.5 - 25.4 
DDT 3.5 - 25.0 
Endosulphan 0. 1 - 0.5 
Gamaxine 2.5 - 36.5 
Malathion 0.2 - 0.5 
Roger 30-E 0.2 - 0.5 
Zinc phosphate 0.2 - 1.2 
Organochlorine 16.2 - 48.22 
Organophosphorus 0.2 - 0.8 
Other types 0.33 - 1. 18 
Total consumption 16.42 - 60.18 
Calculation based on fieldd survey (ISGEN to K 1990) 
Fig. 3 Reversed - phase HPLC chroaatograa of organoch-
lorine pesticides extracted froa Narora vater 
sanple. 
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Fig. 4 Reversed - phase HPLC chroaatograa of organoph-
osphorus pesticides extracted from Narora water 
sample. 
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Fig. 5 Reversed - phase HPLC chroaatograa of organoph-
osphorus pesticides extracted froa Kachla water 
sample. 
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Fig. 6 Reversed - phase HPLC chrofflatogram of 
organophosphorus pesticides extracted from 
Kachla water sanpie. 
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Fig. 7 Reversed - phase HPLC chronatograB of 
organochlorine pesticides extracted fron 
Fatehgarh water sample. 
E c 
in rg 
LU o Z < 
CO 
cr 
o 
m < 
4 5 6 7 
RETENTION TIME ( min ) 
Fig. 8 Reversed - phase HPLC chrosatograa of 
organophosphorus pesticides extracted from 
Fatehgarh water sanple. 
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Fig. 9 Reversed - phase HPLC chromatograa of 
organochlorine pesticides extracted fron 
Kannauj water sample. 
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Fig. 10 Reversed - phase HPLC chromatograB of 
organophosphorus pesticides extracted from 
Kannauj water saaple. 
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Table 4 : Guideline Values for Recoaaended Organic 
Contaminants 
PESTICIDE PERMISSIBLE LIMITS 
(ppb) 
Aldrin and Dieldrin 0.03 
BenzoCa] Pyrene 10.00 
Chlerodane (Total isomers) 0.01 
2, 4 - D 30.00 
DDT (Total isomers) 100.00 
1,2-dichloroethane 1.00 
Heptachlor and Heptechlor epoxide 0.30 
Hexach1orobenzene 0.01 
Gamma-HCH (Lindane) 3.00 
Methoxychlor 30.00 
Pentachloropheno1 10.00 
(Based on WHO Guide Lines. 1984) 
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Table 5 : Atomic Absorption Concentration Ranges with Direct 
Aspiration (Atonic Absorption of Standard Metals) 
METALS CHARACTERISTIC 
WAVELENGTH 
nm 
FLAME 
GASES 
DETECTION 
LIMIT 
mg/l 
OPTIMUM 
CONCENTRATION 
RANGE 
•g/1 
Cd 228. a A-Ac* 0.002 0.05 - 2 
Co 240.7 A-Ac 0.03 0.5 - 10 
Cr 357.9 A-Ac 0.02 0.2 - 10 
C4 324. 7 A-Ac 0.01 0.2 - 10 
Fe 248. 3 A-Ac 0. 02 0.3 - 10 
Hg 253.8 A-Ac 0.02 10.0 - 300 
Mn 279.5 A-Ac 0.01 0.1 - 10 
Ni 232. 0 A-Ac 0.02 0. 3 - 10 
Pb 283.3 A-Ac 0.05 1.0 - 20 
Zn 213. 9 A-Ac 0.005 0.05 - 2 
* A-Ac = air - acetylene 
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Table 6 : Analysis of Heavy Metals Present in Ganga River 
Throughout The Test Stretch) All Values are in (Mg/1) 
Metal Natora Kachla Fatehgarh Kannauj Permissible 
Limits 
»Cd 1.7 - 9.4 1-7 3.0 1.8 - 9-6 2.0 - 9.2 5.0 
Co 5. 1 - 34.7 3.4 - 10.7 5.2 - 37.0 4.8 - 35.2 NR 
»Cr 15.8 - 39.2 10.5 - 96-0 5.6 -106.1 9.8 - 92.0 50.0 
Cu 1.0 - 21-4 1.3 - 14.9 2-8 - 43.4 1. 1 - 30.8 1000-0 
»Fe 227.0-•3762-0 391.7- 4399.0 334.2-2690.0 126.8- 4879.0 300.0 
*Hg 1.4 - 7.6 0-5 7.4 2.2- 8.4 1.4 - 8.4 1-0 
Mn 18.5 - 67.5 9.4 - 91. 1 26.0- 203.0 33.2 - 99.3 100.0 
Ni 32. 1 -332.7 26.9 - 61.5 44.7- 119.3 26.2 - 83.4 5000-0 
*Pb 18.3 -277.2 10.3 - 136.2 29.5- 432.1 47.8 -295.7 50.0 
Zn 30.6 - 63.5 24.9 - 61.6 23. 1- 97.9 23.5 -217.0 5000-0 
Higher values than the WHO Permissible limits (1984). 
NR. Not reported 
CHAPTER-IV : AMES TESTING OF WATER BORNE POLLUTANTS 
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Introduction 
Increasing pollution of Indian rivers by xenoblotlc 
compounds has been reported by several workers (Agarwal e^ 
a 1 . . 1986; Ray and Gupta, 1986; Ramesh ^ aj.. , 1990). 
Considerable efforts have been directed towards the 
qualitative and quantitative investigation of organic and 
inorganic compounds in Ganga water (Ray, 1987; Ahmad et. al . . 
1987). A large proportion of human cancer may be caused 
by exposure of these toxic substances present in the 
environment. Chemicals that pose a mutagenic risk for humans 
would not be identified by screening of pure compounds, 
because environmental mixtures may contain mutagenic and 
carcinogenic substances that would not seem to warrant 
mutagenicity testing in their own right. Moreover, 
chemicals in complex miture need not act additively in their 
mutagenicity, rather there may be synergisms between 
mutagens, or interaction between mutagens and non-mutagens 
(Shahin, 1978; Stoltz ej^  aj_. , 1979; Sugiroura and Nagao, 
1980). 
The possibility of Interactions among chemicals 
suggests that complex environmental samples should be 
tested. The Salmonella/microsome mutagenicity test (Ames e^ 
al . . 1973; McCann aj_-» 1975; Maron and Ames, 1983) has 
been sufficiently developed and validated to be seriously 
considered for widespread use In this way. This assay is 
based on the ability of chemicals to Induce reverse 
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mutations in a set of histidine-requlring strains of 
Sa1moneI 1 a tvphlmurlum which have been genetically modified 
to increase their sensitivity to mutagenic agents. The test 
is carried out in the presence and absence of an In. vitro 
metabolic activation system. 
The work presented in this chapter is initiated to 
determine whether potentially carcinogenic substances are 
present in Ganga water,to find out the nature of such 
substances and whether their presence is related to the 
degree of contamination of the water source with sewage or 
industrial effluent. 
- 85 -
Materials and Methods 
Bacteria, test samples and madia are listed in Chapter 
11. All the media were freshly prepared. Two tests viz spot 
test and plate incorporation assay were routinely performed 
for testing the mutagenicity of the samples according to the 
method of Maron and Ames (1983). Except where otherwise 
stated, the cells were treated for 20 minutes following the 
preincubation procedure in case of plate incorporation 
assay. For the metabolic activation 30|il of Sg liver 
homogenate mix per plate was added. 
Spot test : This test is the simplest way to test samples 
for mutagenicity and is useful for the initial rapid 
screening of large number of samples. This is a variation of 
the plate incorporation test in which the test samples were 
applied directly onto the surface of the minimal agar plate 
after it had been seeded with the bacterial tester strains. 
Appropriate concentrations of the test samples were added to 
the agar surface. 
A positive result in the spot test was generally not 
considered to be an adequate evidence for mutagenicity. 
Mutagenicity was therefore confirmed by quantitative plate 
incorporation test. 
Plate incorporation assay : To 0.5 ml phosphate buffer, pH 
7.5 (or SOpl Sg mix) in sterile capped tube placed on ice 
bath, appropriate concentrations of the test sample and 0.1 
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ml fresh 0/N culture of the tester strain were added and 
Incubated for 20-30 min at 37'C. Then 3.0 ml molten top agar 
(held at AS'C) supplemented with 0.5 mM histldlne/biotin 
solution was added to each of the tubes containing treated 
culture. The contents were mixed and immediately poured over 
minimal glucose agar plates with swirling action to achieve 
uniform distribution of the top agar and allowed to harden 
on a levelled surface. Plates were inverted and placed in a 
dark, vented incubator maintained at 37*C for 48 hr. 
Revertant colonies were counted and mutation frequency was 
calculated by subtracting the spontaneous mutation from 
induced mutation. 
Solvent as control was also run simultaneously. 
Results 
All the test samples were detected to be mutagenic by 
means of spot test (data not shown). 
Dose-response relationship of the XAD-concentrated water 
saaples 
Affles testing of Narora water Sanpies : Fig. lA shows the 
number of histidine revertants upon treatment of the Ames 
tester strains with XAD-concentrated Narora water samples in 
the absence of Sq fraction. The water samples exhibited a 
significant level of mutagenicity (264 revertants) with 
TA102 strain at a dose of lO^il/plate. The reversion property 
declined sharply beyond the concentration of lOjil (48 
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revertants). Similar type of declining trend was also 
observed with strains TA97a, TA98 and TAIOO at the dose 
level of lOjil/plate. Moreover, this sample exhibited a very 
high toxicity to TA104 strain at the test dose. The strains 
could be sequenced in order of their responsiveness with and 
without metabolic activation as follows : 
TA102 > TAIOO > TA98 > TA97a 
The mutagenic activity markedly enhanced in the 
presence of Sg fraction as shown in Fig. IB. 
Ames testing of Kachla water Saaples : The reversion of 
tester strains with the samples at various doses in the 
absence of Sg fraction is shown in Fig. 2A. It was observed 
that Kachla samples gives the maximum response (362 
revertants) with TA98 strain at the dose level of 
iO^il/plate. The samples also induced a positive response 
with TAIOO (233 revertants) at the dose of lOjil/plate. Both 
the strains displayed declining trend with the samples 
beyond the dose level of 10|il. Moreover, the samples also 
exhibited a linear dose-response relationship with the 
strain, TA97a. The test samples were toxic to strains TA102 
and TA104. The order of sensitivity of the tester strains 
towards the test samples were as follows : 
TA98 > TAIOO > TA97a 
However, in the presence of Sg fraction, strains TA98 
and TAIOO showed the maxifflum fflutagenic activity at the dose 
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level of 5jil/plate (Fig. 2B). Strain TA97a gave a positive 
response (230 revertants) while strain TA102 exhibited the 
mutagenic response only In the presence of metabolic 
activation at the dose level of 25jil/plate. The strain, 
TA104 also displayed a weak mutagenic response. The strains 
could be sequenced in order of their responsiveness towards 
the test samples in the presence of metabolic activation as 
foilows : 
TA98 > TAIOO > TA97a > TA104 > TA102 
Aaes testing of Fatehgarh water Saaples : Fig. 3A dipicts 
the reversion pattern of tester strains at various 
concentrations of the Fatehgarh water samples In the absence 
of Sg fraction. The samples showed a significant level of 
mutagenicity (419 revertants) with TA98 strain at very low 
dose level of 5jil/plate. The reversion frequency reduced 
markedly beyond the concentration of lOfil/plate (20 
revertants). It also induced a fairly moderate response with 
TAIOO strain in being reverted at lOjil/plate. strains TA97a, 
TA102 and TA104 showed positive responses at dose levels of 
2.5, 10 and 25/il/plate respectl ve 1 y. At the dose level of 
5^1/plate,TA98 strain was the most active responder in the 
presence of Sg fraction (Fig. 3B). Strain TAIOO reduced its 
activity in the presence of Sg mix at the same dose level. 
TA97a, TA102 and TAi04 strains aiso showed the positive 
response in the presence of Sg fraction. The order of 
tester strains with their responsiveness towards the samples 
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was as foilows : 
TA98 > TAIOO > TA97a > TA102 > TA104 
Ames testing of Kannauj Water Samples : The his^ reversion 
pattern of the tester strains treated with Kannauj water 
samples in the absence of metabolic activation is shown in 
Fig.4A. These samples exhibited remarkable level of 
mutageneticity with strain TA98 at the dose level of 
Sul/plate (939 revertants) but beyond the dose level of 
lOul/plate the reversion property exhibited a sharp decline 
(300 revertants). These samples also induced a positive 
response with strains TA97a, TAIOO, TA102 and TA104 strains, 
but were weakly mutagenic with strains TAIOO, TA102 and 
TA104. The doses beyond the 2.5 and 5ul/plate concentrations 
were toxic to these strains. The order of mutagenicity of 
Kannauj samples was as follows : 
TA98 > TA97a > TAi02 > TA104 > TAIOO 
The mutagenic activity markedly enhanced in the 
presence of Sg metabolic activation system as is shown in 
Fig. 4B and the order of sensitivity of strains towards the 
test samples in the presence of Sg fraction was as follows : 
TA98 > TA97a > TAIOO > TA102 > TA104 
Table 1 shows the consolidated results of XAD-concent-
trated water samples of all four sampling stations in terras 
of mean + standard deviation. 
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Dose- response rels'tionship of ^he L>i()uid~Lii<|uld extr&cted 
water saaples 
Aaes testing of Narora water Saaples : Fig. 5A depicts the 
reversion pattern of tester strains at various 
concentrations of Narora water samples in the absence of Sg 
fraction. The samples showed the maximum level of 
mutagenicity (160 revertants) with TA102 strain at the dose 
level of 75jil/plate. On the other hand, strain TAIOO 
remarkably responded even at a dose of 50jil/plate, (66 
revertants) but both the strains showed a sharp decline 
beyond the dose of 75}il/plate. These samples also displayed 
a linear dose-response at levels that were not excessively 
toxic to strains TA97a and TA98. These strains could be 
listed in order of induced mutagenesis as follows : 
TA102 > TAIOO > TA97a > TA98 
Contrary to the XAD-concentrates, the 1iquid-1iquid 
extracted samples displayed a low level of mutagenicity in 
the presence of Sg fraction. Moreover, Fig.BB clearly 
indicates that the strains TA98 responded maximally at a 
dose of TS^l/plate in the presence of Sg fraction contrary 
to the response exhibited by TAi02. Strains TA102, TAIOO and 
TA97a displayed a linear dose-response relationship. 
The order of sensitivity of these samples in the 
presence of Sg fraction with tester strains was as follows : 
TAIOO > TA102 > TA97a > TA98 
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Ames testing of Kachla water saaples : The reversion of 
tester strains with the water samples of Kachla in the 
absence of Sg fraction is depicted in Fig. 6A. Strains TA98 
and TAIOO were recorded to be the most responsive strains 
with these samples. The number of revertants per plate at 
the concentration of SOfil/plate was found to be the maximum 
(210 and 190 revertants) but showed a decline beyond this 
dose. These samples showed a linear dose-response 
relationship with TA102 and TA104 strains. Strain TA97a on 
the other hand exhibited the mutagenic activity only at the 
dose of 75jil/plate (155 revertants). The tester strains 
could be listed in order of their responsiveness with the 
water samples in the absence of Sg fraction as follows : 
TA98 > TAIOO > TA97a > TA102 > TA104 
The presence of Sg fraction decreased the mutagenic 
action significantly with all the tester strains compared 
with the same dose levels in the absence of Sg fraction 
(Fig. SB). 
Ames testing of Fatehgarh water Saaples : The hi s^ 
reversion pattern of tester strains treated with water 
samples obtained from Fatehgarh is shown in Fig. 7A. These 
samples exhibited a significant level of mutagenicity with 
TAIOO,TA98 and TA97a strains at the dose level of 5 0 u l/plate 
and with TA97a at the dose level of 75jil/plate in the 
absence of metabolic activation. These samples displayed a 
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sharp decline beyond this dose. It was again observed that 
the 1Iquid-1Iquld extracted samples were weakly mutagenic on 
tester strains TA102 and TA104. The dose beyond the 
concentration of 25jil/'plate was appjrently toxic to these 
strains. The order of mutagenic action against the taster 
strains, with Fatehgarh water samples was as follows : 
TAIOO > TA98 > TA97a > TAi02 > TA104 
Here again, the mutagenic activity with all the tester 
strains was slightly decreased in the presence of Sg 
fraction as shown in Fig. 7B. 
Anes testing of Kannauj Water Saaples Fig. 8A shows the 
reversion pattern of tester strains with Kannauj water 
samples in the absence of Sg fraction. The strains TA98, 
TA97a and TAIOO were found to be reverted more efficiently 
compared with strains, TA102 and TA104. The reversion 
property for strains TA98 and TA97a declined beyond the dose 
of 50nl/plate whereas for TAIOO strain, the decline was 
observed beyond the dose of 75pl/plate. Strains TA102 and 
TA104 exhibited weak mutagenic activity even at the dose of 
75;il/plate. The tester strains could be listed in order of 
their responsiveness with the water samples as follows : 
TA98 > TA97a > TAIOO > TA102 > TAIOA 
Microsomal metabolic activation again remarkably 
reduced the mutagenic activity with all the tester strains 
(Fig. 8B). 
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Table 2. shows the consolidated results of liquid-
liquid concentrated water samples of all four sampling 
stations in terms of mean standard deviation. 
Induced reversion pattern of tester strains at different 
Bonitoring stations 
The calculated reversion of tester strains per liter of 
water samples from four different test sampling stations are 
shown in Tables 3 and 4. 
Table 3 indicates the net revertants per liter of XAD-
concentrated water samples in the presence as well as 
absence of Sg fraction. All the strains displayed increasing 
pattern of mutagenicity in the absence as well as in the 
presence of Sg fraction from Narora to Kannauj.Strain TA97a 
exhibited the mutagenicity index determined in terms of 
revertants/1itre from 1880 to 7500 from Narora to Kannauj in 
the absence of Sg fraction. While mutagenicity indices 
ranged from 2810 to 8610 net revertants/1iter in the 
presence of Sg fraction. The index of TA98 ranged from 2015 
to 9395 net revertants/Iiter in the absence of Sg fraction 
and 2295 to 10045 net revertants/1iter in the presence of 
Sg fraction from Narora to Kannauj. The strain TAIOO 
responded by giving the indices from 2110 to 5440 net 
revertants/1iter and 2550 to 5180 net revertants/Iiter in 
the absence and in the presence of Sg fraction 
respectively. On the other hand, strain TA102 displayed the 
mutagenicity only with the samples of Narora, Fatehgarh and 
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Kannauj, but Fatehgarh water samples showed very weak 
mutagenic activity with only 376 net revertants/1iter in the 
absence of Sg fraction. In the presence of Sg fraction, all 
the samples exhibited a significant mutagenic response i.e. 
3275 to 4020 net revertants/11ter of water samples with the 
exception of Kachla. The Kachla samples showed very weak 
mutagenic response. Strain TA104 showed a significant 
response with Fatehgarh and Kannauj samples (1380 to 4580 
net revertants/1iter) in the absence of Sg fraction. On the 
other hand metabolic activation of Kachla samples resulted 
in the appreciable samples mutagenic response with TA104 
strain (2480 to 3840 net revertants/11ter) as shown in Table 
3. 
Table 4 displays the reversion frequencies of tester 
strains with the 1iquid-1iquid extracted water samples from 
four test stations in the presence and absence of Sg 
fraction. These extracts also exhibited a remarkable level 
of mutagenic activity as was calculated for one liter of 
water samples. In the presence of Sg fraction the mutagenic 
response was either slightly decreased or remained similar 
as compared with that in the absence of microsomal fraction. 
All the strains exhibited an increasing trend of net 
revertants/11ter of water samples from Narora to Kannauj. 
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Ames testing of Bile Fluid of the Fish (China punctatus) in 
the test stretch of Ganga river 
The reversion of various Ames tester strains by the 
bile fluid of fish (China punctatus) at the indicated doses 
in the absence of Sg fraction is shown in Fig. 9A. The bile 
fluid invariably displayed a remarkably higher mutagenic 
activity with the frameshift and transition mutants TA98, 
TA97a, TA102 and TA104 compared with water sample(table 1.2, 
fig. 1- 8). The tester strain TAIOO, on the other hand 
responded rather weakly at the low doses e.g. 50}il/p 1 ate^ and 
the higher doses (beyond 50jil/plate) were toxic to this 
strain. As regard with the pattern of mutagenic activity, 
the bile fluid exhibited increasing mutagenicity at low 
doses but became lethal after attaining a peak value. The 
order of sensitivity of the strains towards the bile fluid 
of the test fish was as follows : 
TA98 > TA97a > TA102 > TA104 > TAIOO 
The mutagenic activity was markedly enhanced in the 
presence of Sg fraction as shown in Fig. 9B. The order of 
sensitivity was as follows: 
TA98 > TA97a > TAIOO > TA102 > TAIOA 
Pesticides-induced reversion of tester strains 
Certain pesticides have been detected in the test 
stretch (Chapter III Table 2). We employed those pesticides 
at the concentrations comparable to those observed in the 
test water samples. A mixture of pesticide was employed for 
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the Ames testing to have an idea about their cumulative 
effect on Ames tester strains. 
The results presented in Fig. lOA show that the 
pesticide mixture exhibited a higher reversion activity on 
TA97a, TA98 and TAIOO strains compared with other tester 
strains. The revertants scored per plate for strains TA98 
and TAIOO were found to be very high even at a low dose (5 -
lOjil/plate). The strains, TA102 and TA104 on the contrary, 
exhibited a weak response even at relatively higher doses. 
Exposure of strongly responding TA98 and TAIOO strains to 
higher doses resulted in the sharp reduction in the 
reversion property in the absence of Sg fraction. These 
strains could be listed in order of their pesticide induced 
mutagenesis as follows : 
TA98 > TA97a > TAIOO > TA102 > TA104 
The pesticide mixture exhibited slightly lower 
mutagenic activity in the presence of Sg mix (Fig. lOB). 
Heavy aetals induced reversion of Aaes tester strains 
Certain heavy metals have also been detected in the 
test stretch (Chapter III, Table 5). We employed all the 
heavy metals at the concentrations comparable to those 
observed in the test water samples and found to be mutagenic 
by means of spot test (Table 5). A mixture of heavy metals 
was also employed for the plate incorporation testing to 
have an idea about their cumulative effect on Ames tester 
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strains. 
The his* reversion pattern of the tester strains 
treated with a mixture of heavy metals in the absence of 
metabolic activation is shown in Fig. IIA. This heavy metal 
mixture exhibited a significant level of mutagenicity with 
TA102 and TA104 strains at the very low dose level. Strain 
TA97a showed a poor mutagenic response at moderate doses 
however, strain TAIOO showed a linear dose-response 
relationship and the mixture was toxic to TA98 strain even 
at very low doses. The higher doses of the mixture in the 
absences of Sg resulted in the steep decline in the 
reversion property with TAIOO, TA102 and TA104 strains. 
These strains could be listed in order of their heavy 
metal induced mutagenesis as follows : 
TA102 > TA104 > TA97a > TAIOO > TA98 
The addition of microsomal fraction further enhanced 
the mutagenicity of the mixture of heavy metal (Fig. 11B>. 
However, the addition of was toxic to the TA97a 
strain. The strains could be listed in order of their heavy 
metal mixture induced mutagenesis as follows : 
TA104 > TA102 > TAIOO > TA98 > TA97a 
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Discussion 
Over the last decade a number of short-term in. vitro 
test systems for investigating the genotoxic potential of 
chemical agents have been developed. These assays are 
generally based on the ability of the test compounds to 
Interact and produce heritable changes (mutations) in the 
DNA of the target organisms (Wilcox and Horth, 1984). The 
most widely used short-term mutagenicity system is the 
Salmonella/microsome assay. This assay was first validated 
in a study of 300 chemicals, most of which were known 
carcinogens (McCann e_t a 1. , 1975; McCann and Ames, 1976; 
Maron and Ames 1983). Nearly 90X of the carcinogens tested 
were found to be mutagenic, but there was considerable 
overlapping of chemicals tested. It is customary to define 
the compound as negative if none of the tester strains 
responds with and without metabolic activation upto the 
limit of toxicity (deSerres and Ashby, 1981; Dyrby and 
Ingvardson, 1983). An increase in the number of colonies 
(over the number of spontaneous background revertants) 
indicates that the chemical is mutagenic while the number of 
revertant colonies provides an index of the mutagenic 
activity of the samples (Levin ^ ai. , 1984; Flessel et al.. 
1987). Our results indicated an increase in the number of 
revertant colonies with one or more tester strains in the 
presence of the test samples. Moreover, all the samples 
except from Narora exhibited a remarkable degree of 
mutagenicity with TA98, TAIOO and TA97a strains (Tables 1,2, 
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Figs. 2-9). It is also note worthy that even in the absence 
of Sg fraction, usually all the tester strains responded 
significantly but the addition of microsomal fraction 
further enhanced the mutagenicity of the XAD-concentrated 
water samples (Table 1; Figs. 1-4). The enhanced activity of 
the samples in the presence of Sg fraction suggests that the 
organic extract contained some pollutants whose metabolites 
seems to be even more potent mutagens. 
The mutagenic activity was also calculated in terms of 
net revertants per liter of XAD as well as 1iquid-1iauid ext 
extracted water samples.We found the increased number of net 
revertants per liter of water samples from Narora to Kannauj 
with all the test strains (Table 3 and 4). Several other 
workers have also reported the mutagenic activity in terms 
of net revertants per liter of surface and drinking water 
samples (Athanasiou and Kyrtopoto1os, 1983). Vartianen and 
Liraatatinen (1986) reported high mutagencity levels 
for chlorinated drinking waters from two surface sources in 
Finland. The mutagenicity levels in our water samples were 
closely realted to other workers obtained in similar studies 
with the tester strains of TA97a, TA98 and TAIOO. 
The bile fluid of fish is known to be an important 
route for xenobiotics and their metabolites in aquatic 
organisms (Bend and James, 1978; Love, 1980). The mutagenic 
activity of the fish bile in the Salmonella mutagenicity 
test resembled that of the river water with regard.to strain 
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specificity. Strains TA97a, TA98 and TAIOO show the 
maximum mutagenic acitivity (Fig. 9). However, the activity 
in the bile fluid exhibited similar pattern as In 
the XAD-concentrated water samples in the presence of Sg 
fraction suggesting a strong bio-concentration of xenobiotic 
compounds in the gall bladder of fish. Van Kreijl and 
Slooff (1985) have also reported a similar trend of 
mutagenic activity of fish bile samples of the Dutch river 
water. 
Fig. 10 shows the result of mutagenic activity of 
Pesticide mixture present in Ganga Water. We found the 
higher mutagenicity with the tester strains TA97a, TA98 and 
TAIOO. In comparison of this result with those obtained in 
the presence of XAD and 1iquid-Iiquid extracted water 
samples, the pesticide mixture displ<Xyed the similar 
pattern of mutagenic activity as with XAD and 1iquid-1iquid 
extracted water samples with regard to the strains. But the 
mutagenic activity was slightly decrease^in the presence of 
Sg fraction as in the case of 1iquid-1iquid extracted water 
samples. This result suggested that the pesticide mixture 
play an important role in the mutagenicity of both XAD and 
1iquid-1iquid extracted water samples. The high level of 
mutagenic activity in case of XAD-concentrated water samples 
suggested that this extract contained not only the pesticides 
but some other genotoxic compounds and the mutagenic 
activity in 1iquid-1iquid extracted water samples was mainly 
due to the presence of the pesticides-
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Similar type of experiment was carried out to study the 
mutagenic activity of heavy metals present in Ganga water. 
Table 5 shows the mutagenic activity of ten heavy metals by 
means of Ames spot testing. Our results of heavy metals 
(mixture) indicated an increase in number of revertant 
colonies with all the tester strains (Fig. 11). Moreover, 
the mixture of heavy metals also exhibited a remarkable 
degree of mutagenicity with TA102 and TA104 strains. Wong 
(1988) has also reported similar type of results with 
regard to the strains. This result suggest that the 
concentrations of the different heavy metals found in Ganga 
river water cou 1 d p 1 ay a .ro 1 e to enhance themutagenic activity 
of Ganga river, and the mixture of heavy metals seems to be 
more destructive. 
We found a remarkably high mutagenic response when the 
water samples were extracted with XAD-resin as compared to 
those obtained with 1 iquid-1iquid extraction method (Tables 
1 - 4; Figs. 1- 8). Adsorption on XAD-resins might be very 
specific for the isolation of mutagenic substances from 
water samples. Yamasaki and Ames (1977), Koo1 ^ aQ. (1981) 
and Vartiainen and Liimatainen (1986) also reported the 
specificity of the XAD-resins for organic pollutants in 
water. This concentration method, in combination with the 
Salmonel la mutagenicity test (Ames e^ » 1975) has been 
adopted worldwide for the detection of unknown mutagens in 
all kinds of water samples. The enhanced mutagenic activity 
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with XAD-concentrates might not only reflect the presence of 
pesticides, but several other substances like PAHs, PCBs and 
other potent mutagens would also be present that are not 
extracted in the 1iquid-1iquid extraction procedure. PAHs 
have already been suggested to be responsible for the 
mutagenic activity of River Water (Vankreijl e_t al. , 1980? 
Van Hooff and Verheijden, 1981). 
Table 6 shows the relevant genetic and biochemical 
markers of the Ames tester strains. Al1 the strains carry 
the pkMlOl plasmid which is believed to enhance the error-
prone repair process (Shanabruck and Walker, 1980; Levin e^ 
aj.. , 1982; Little e^ aL-, 1989). Strains TA97a and TA98 have 
been recommended for detecting frameshifts mutagens (Levin 
e_t aJ.. , 1982; Maron and Ames, 1983), whereas TA102 and TA104 
strains are known to detect oxidative mutagens (Levin e^ 
al .. 1984). TA97a, TA98 and TAIOO tester strains contain G-C 
base pairs at the critical site for reversion (Barner e^ 
al.. 1982: Levin e^ , 1982; Maron and Ames, 1983), With 
regard to the individual difference among the G-C specific 
mutants Strains TA97a and TA98 are the frameshift type 
while TAIOO is the base-pair substitution mutant. The 
tester strains, TA102 and TA104 are the transition mutants 
and contain A-T base-pairs at the critical site of reversion 
(Levin e^ a_l_ 1982) It is interesting to note that most 
of the test samples preferentially act on the G-C base pair 
mutants as compared to those having A-T base pairs at the 
site of mutation (Tables 1, 4; Figs.2-4 and 8-10). This 
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suggests that the compounds present In the test samples 
preferentially act upon the G-C base pairs to bring about 
tioth the frameshift and substitution mutations. 
Fig. 1 Dose - response effects of XAD-concentrated 
water samples of Narora with Ames tester 
strains. Spontaneous revertants have been 
subtracted. A, -Sg; B, +Sg 
TA 97a 
TA 98 
TA 100 
TA 102 
t 
0 
X 
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t 
0 
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2.5 5 10 
WATER SAMPLE jjI / PLATE 
Fig. 2 Dose-response effects of XAD-concentrated vater 
saoples of Kachla with Anes tester strains. 
Spontaneous revertants have been subtracted. A, 
-SQ; B, +S9 
TA 97a 
TA 98 
TA 100 
TA 102 
TA 104 
• -
0 -
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Fig. 3 Dose-response effects of XAD-concentrated water 
saaples of Fatehgarh with Aaes tester strains. 
Spontaneous revertants have been subtracted. A, 
Sg; B, +S9 
TA 97a 
TA 98 
TA 100 
TA 102 
TA lOA 
0 
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Fig. A Dose-response effects of XAD-concentrated water 
samples of Kannauj with Ames tester strains. 
Spontaneous revertants have been subtracted. A, -
Sg; B, +S9 
TA 97a t ® - • 
TA 98 : 0 - 0 
TA 100 : X - * 
TA 102 : A - A 
TA 104 : A - /i 
2.5 5 15 
WATER SAMPLE Jul /PLATE 
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Table 1 : Reversion of Aaes Tester Strains in the Presence 
of XAO-Concentrated Vater Samples 
Stations I Strains S9 
Fraction I 
Control Histidine- revertants/olate 
1.0 t 2.5 ! 10 
.WORA 1 TA97a 
! I TA98 
! ! TAIOO 
1 ! TA102 
I 1 TA104 
KACHLA i TA97a 
I 
I TA98 
I 
I TAIOO 1 t 
I TA102 
1 
! TA104 
j 
•ATEHSAfi'HI TA97a 
i 
! TA'S 
i i "AlOO 
i I TA102 i 
I TA104 
'jmmj t TA97a 
t 
I TA98 
i 
I 7A100 
I 
I TA102 
I 
! TA104 
t 83.0+2.6 
I 95.C^9.5 
I 40. M. 6 
! 50.0H\0 
1150.0+^10 
1231.'>32.6 
1350.'.'+0.0 
1331.0+23.3 
I 24.iV.0 
t N.D. 
_i f I "6.0+0.0 
!105.'>J.0 
I 35.i>K>.0 
! 53.0K'.0 
!185.0H>.0 
!163.('H'.0 
I n.'D. 
t28O.0Hi.0 
! N.D. 
.1 
i 
1 ''i..t21.0 
! 80.'>45.0 ! 1.5 i 
il62.'> 4.5 
(162.',131.5 
!264.'>2-0.0 
)32v.> 2.5 
1376.0^3.1 
i350.0t41.9 
-! f-
i 140. >30.0 1 
1125.J+ 2.9 i 
I 45.;'+50.1 > 
! 4S.'> 1.0 i 
1226.0+ 7.9 • 
t221.'>36.4 I 
t 20.'>41.5 i 
1310.1*21.9 I 
t321.>l0.0 I 
1330.0^  9.5 I 
118.0+24.7 t 218.0+25.4 
199.0+ 1.4 I 228.0+ 4.2 
96.5+12.0 I 139.0+26.1 
112.'>17,6 t 152.0+20.5 
110.0+14.1 ! 220.0+10.6 
207.0+31.8 1 267.0+14.8 
365.0^  6.3 i 402.0+ 2.8 
-I-
350. >57.2 
n.'D 
N.D. 
130. > 0.7 
173. > 4.9 
146.0+18.4 
125.0+ 5.6 
209. > 1.4 
206.'>22.6 i 240.01 7.7 
N.D. i N.D. 
:85.'> 7.0 t 331.0+2.1 
N.D. i H.D. 
310 *14.1 I 350.0+14.1 
480.CH14.1 
K.D. 
N.D. 
139.0+23.3 
196.> 4.9 
176.0+ 5.6 
236.0+ 8.4 
213.0+19.0 
t 202.0+10.6 
! 222.(^48.7 
I 227.0+48.8 
I 220.0+28.9 
! 334.0+ 8.4 
I 383.(> 9.4 
I W.CH- 9.8 
1 565.0+21.2 
I M.0. 
i N.B. 
I 220.0+21.: 
! 225.0+35.3 
I 351.0+58.6 
! 307.0+62.2 
( 319.0*13.4 
! 470.0+14.1 
I M.l/. 
i 426. >33.5 
i N.D. 
! 424.0+ 8.4 
196.'>40.3 i 240.0*14.1 
174.'vl22.6 I 211.>15.5 
330.0+13.4 I 367. > 3.5 
330.'>13.4 i 469.0+13.4 
491. > 0.0 i 568.0+ 0.7 
369.>65.0 t 395.0+ 7.0 
N.D. I 275.0+ 7.0 
385.'^14.1 i 394.0+ 7.7 
403.0^ .0 1 419.0+ 1.4 
378.> 1.4 I 392.>11.3 
-j 
! 190.(/+4.9 
i 226.'>15.5 
i 465.0+ 7.0 
i 457.0+ 1.4 
t 560.0+42.4 
i 432.0+16.9 
t 239.0+48.7 
( 532.0+ 3.5 
i 509.0+15.5 
I 503.0+87.0 
359. >27.5 I 482. >10.6 
602.U+170.41 719.0+95.4 
315.vt«>.4 I 631.0+41.0 
340.t'+21.9 I {584.0+ 8.4 
362.'>16.2 t 6':)6.0+ 5.a 
169.'>28.9 I 183.0^50.6 
489.'> 0.0 I 533.0+ 3.5 
652.> 8.4 I 496.0+ 7.0 
476. >128.61 599.0+75.6 
485.> 0.6 ) 502.0+33.2 
I 514.0+ 7.0 
I 
I 909.0+112.4 
' "^ .0+79.1 
I 214.0+ 6.3 
i 29.0+71.2 
t 690.0+ 1.4 
I 459.0+ 0.7 
I 651.0^37.4 
I 545.0+ 7.3 
270.0+28.2 I 
283.> 9.1 I 
249.0+16.2 ! 
277.0+10.6 i 
35S.>; 2.8 I 
402.0+11.3 ! 
616.0+ 2.8 I 
677.0tl7.6 1 
N.'D. I N.D. I 
81.0 * 22.6 ! 
120.0 + 7.0 I 
94.0 * 5.6 I 
110.0 i 14.1 I 
214.0 + 33.0 I 
280. ij + 14.0 1 
381.0 +213,5 i 
470.0 +113.1 1 
N.S. ! 
N.S. I 
257.0+ 9.8 I 
231.t> 9.8 I 
103.0^10.6 \ 
415.0+13.4 t 
391.> 6.3 I 
322.> 3.5 ! 
N.D. I 
451.0+19.0 ! 
H.li. i 
368.> 0.7 i 
115.0* 7.0 ! 
119.0+13.4 1 
187.0+ 4.2 i 
229.0t26.8 i 
5S^.0+ 7.0 ! 
322.0+17.6 I 
310.0+42.4 ! 
345.0+21.2 i 
514.0+ 0.7 I 
173.0+ 3.5 I 
293.'J t r.3 i 
225.0 + 21.2 ! 
84.5 - 6.3 ! 
168.0 H4'2.b ! 
235.U * 7.0 ! 
230.0 I 25.4 ! 
N.D. i 
512.0 i 3.5 I 
r^.D. I 
302.0 + 10.a ! j 
65.0 * 43.1 \ 
32.C' 1 5.S ! 
66.0 * j.O ( 
41.0 * =.11 
431.0 1 4t'.3 I 
198.0 I 
358.0 1 2.3 i 
210.0 * v.O i 
376.0 i 5.0 t 
343.0 + 23.3 ! 
455.> 7.0 t 360.0 + 31.8 I 
820.0+98.9 ! 535.0 +12-5.9 i 
557.0+ 3.5 ( 376.0 + 2.1 I 
s75.>77.0 i 245.U I 49.5 i 
N.D. I O. t 
290.0+ 0.6 I 180.0 * 3.7 I 
724.> 6.0 I 578.0 + 25.4 I 
439.0+14.8 I 322.0 + 81.3 1 
432.>86.9 I 190.0 + 56.5 I 
562.0+62.2 I 615.0 + 45.2 I 
The niwbers represent histidine revertant in Tens of lean + standard deviation. 
Abbreviations : S^  Liver aicrosoial fraction; N.D., not detected? - , in the 
absence of S^; + , in the presence of S^. 
Fig. 5 Dose-response effects of Liquid -Liquid 
extracted Narora vater saaples with Ames tester 
strains. Spontaneous revertants have been 
subtracted. A, -Sg; B, +Sg 
TA 97a • - t 
TA 98 : 0 - 0 
TA 100 : X - X 
TA 102 : A - A 
25 50 75 100 
w a t e r s a m p l e a l l / p l a t e 
Fig. 6 Dose-response effects of Liquid - Liquid 
extracted Kachla water sanples with Ames tester 
strains. Spontaneous revertants have been 
subtracted. A, -Sg; B, +sq 
TA g7a : • - • 
TA 98 : 0 - 0 
TA 100 : X - X 
TA 102 : A - A 
TA 104 : ^ -
lU t— < 
-J 
CL v , 
f-
Z 
UJ I— or 
UJ > 
UJ q: 
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WATER SAMPLE jj( /PLATE 
Fig. 7 Dose-response effects of Liquid - Liquid 
extracted Fatehgarh water sanples 
vith Aaes tester strains. Spontaneous revertants 
have been subtracted, A» -sq; B, +Sg 
• - • 
0 - 0 
TA 97a 
TA 98 
TA 100 
TA 102 
TA 104 
X - X 
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Fig. 8 Dose-response effects of Liquid - Liquid 
extracted KannauJ water samples vith Aaes tester 
strains. Spontaneous revertants have been 
subtracted. A, - s g j B, +sq 
TA 97a • - • 
TA 98 : 0 - 0 
TA 100 : X - * 
TA 102 A - A 
TA lOA : -
2.5 5 10 
WATER SAMPLE jul /PLATE 
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Table 2 : Reversion of Ames Taster Strains in the Presence of 
Liquid-Liquid Extracted Water Saaples 
Stations Strains S9 1 Control 1 Histidine^ Revertants/plate 1 
1 1 ••" 
Fraction 1 | 10 1 25 50 1 
1 
1 
1 75 1 100 1 
NARORA TA97a 
I 1 — 
- 1 89.0+26.01105 
, . __— j 
+ 5.6 1 124 +28.2 
1 
147 +59.3 i 
1 1 
1 151 +38.8 1 173 + 50.1 1 
+ 1100.0+50.11105 + 7.0 1 113 +24.0 143 +38.1 1 156 +33.9 1 165 +23.3 | 
TA98 - t 46.0+14.81 90 + 6.3 1 94 + 6.3 109 + 0.7 1 1 72 + 5.6 1 38 + 2.8 I 
+ 1 50.0+11.01 33 +25.1 1 86 +51.2 135 +17.2 1 84 +20.1 1 27 + 2.9 | 
TAIOO - 1171.0+ 3.51189 + 4.9 1 213 +11.3 230 +15.5 1 237 +17.6 1 222 +44.5 1 
+ (175.0+ 5.61201 .+ 4.9 1 296 + 1.4 314 + 7.7 1 319 +14.8 1 320 +21.2 1 
TA102 - 1316.0+13.41329 +14.8 1 375 +36.7 416 +14.1 1 476 +11.0 1 386 +35.3 1 
+ 1326.0+28.51340 + 1.0 1 351 +17.6 381 +22.6 1 ! 385 ^ . 3 1 368 +31.8 1 
TA104 - 1360.0+ 3.11 N.D. 1 1 N.2>. H.D. 1 N.D. 1 N.D. 1 
+ 1298.0+ 0.01 N.D. 1 1 N.1). N.D. 1 N.D. 1 H.B. 1 
KADIA TA97a - 1 81.0+ 5.21160 +29.5 1 182 +14.7 220 +55.8 1 238 +31.2 1 127 +18.0 | 
+ 1 98.0+25.91115 + 4.2 1  123 + 1.4 161 + 1.4 1 229 + 1.4 1 121 + 1.4 1 
TA98 - 1 41.0 6.01199 +14.8 1 232 +10.6 254 + 4.9 1 225 + 6.4 1 184 + 5.6 | 
+ 1 38.0+29.01137 +24.7 1 168 +25.4 209 + 15.5 1 163 + 16.9 1 110 +14.1 1 
TAIOO - 1165.0+40.61214 +18.2 1 240 +22.5 339 + 18.9 1 320 + 29.0 1 285+ 33.0 1 
+ 1197.0+22.91246 +42.7 1 227 +39.7 324 + 15.8 1 ' 292 + 4.9 t 288+ 3.5 1 
TA102 - 1254.0+70.31310 +60.8 i 1 357 +76.3 408 +102.2 1 419 +101.8 1 438+108.2 1 
+ 1338.(^3.11316 +73.5 1 383 + 6.3 422 + 36.0 1 ! 385 +114.5 1 300+263.7 1 
TA104 1360.0+ 6.51361 + 9.9 1 424 +68.5 454 +155.6 i 465 + 21.9 1 487+ 23.3 1 
+ 1310.0+ 9.51360 + 0.0 1 390 +28.2 403 + 9.3 1 i 418 + 3.5 1 460+ 42.4 | 
FATEHGARH TA97a 
1 r ••" 
- 1100.0+17.11134 
1 
+16.9 1 157 +15.5 
1 1 1 
257 + 2.121 277.5+12.0 1 142 +14.1 1 
+ 1126.0+ 4.51121 +21.9 1 ! 141 +38.1 256 + 4.9 1 360 +28.2 1 162 +13.4 1 
TA98 - 1 45.0+ 3.61115 +21.9 1 187 + 1.4 303 + 54.4 1 126 +22.6 1 136 +13.4 1 
+ 1 41.0+13.21181 +19.0 1 214 +21.9 245 + 18.3 1 218 +14.1 1 113 +19.0 1 
TAIOO - 1186.0+18.71220 +21.2 1 249 +31.8 364 + 44.5 1 ' 217 + 8.4 1 206 + 5.6 1 
+ 1185.0+45.91169 +25.6 1 ' 251 +74.2 296 + 12.7 1 ; 223 + 3.5 1 212 + 9.8 I 
TA102 - 1316.0+50.11325 +10.6 1 ! 351 +12.6 397 + 28.4 1 326 + 7.4 1 319 + 4.8 1 
+ 1372.!)+ 2.91364 +58.2 1 ' 387 +15.8 403 + 50.6 1 372 + 9.5 1 346 + 6.8 1 
TA104 - 1383.0+ 0.91315 +58.2 1 347 +36.9 338 + 0.7 1 321 + 6.9 1 293 +28.5 | 
+ 1291.<H 3.21291 + 0.7 1 I 331 +15.2 326 + 4.1 1 322 +21.0 1 N.D. 1 
mmjj TA97a 
• 1 1 1 
- 1102.0+ 2.61123 + 11.3 1 ! 215 +19.1 
1 
262 + 32.5 1 213 +125.1 1 115+ 6.3 1 
+ 1 98.0+15.31121 + 18.3 1  135 + 6.3 248 + 5.6 1 280 + 14.1 1 157+ 31.8 1 
TA9B - 1 51.0+ 4.91158 + 12,0 1 282 + 4.9 319 + 0.7 1 : 149 + 26.8 1 119+ 1.4 1 
+ 1 51.0+ 3.01234 + 6.3 1 222 +72.1 225 + 21.2 1 I 189 + 12.7 1 122+ 17.6 I 
TAIOO - 1165.0+ 0.91179 + 54.4 I 261 + 8.4 327 + 65.7 1 ! 314 + 65.7 1 263+185.9 1 
+ 1210.0+36.51169 + 60.1 1 183 +59.3 289 + 50.2 1 ! 290 + 55.1 1 180+ 55.8 I 
TA102 - 1330.0+46.21337 + 55.8 1 400 ^9.4 413 + 51.6 1 I 405 + 82.7 1 421+ 97.5 1 
+ 1325.0+55.11343 + 60.8 1 359 +55.8 388 + 58.6 1 I 377 + 67.1 1 367+ 71.4 1 
TA104 - 1330.0+18.41349 +282.8 1 400 +75.6 400 +126.5 1 402 + 86.2 1 404+ 33.9 | 
+ 1290.0+48.91335 + 53.0 1 356 +33.2 377 + 58.6 1 357 + 48.0 1 353+ 45.2 1 
The nuibers represent histidine in tens of Man + standard deviation. 
Abbreviations : S^ Liver licrosoial fraction; N.i). not detected; 
in the absence of S^ ; +, in the presence of S^ 
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Table 3 Ames Testing of XAD - Concentrated Water Saaples 
STRAIN ' 9 Net Revertants/1 of water saaples 1 J 
(Fraction i Narora 1 Kachla i Fatehgarh i Kannauj 
TA97a 
! t 
t - 1 1880+28.2 
1 1 
1 788+.9.8 1 1890+14.1 
1 
1 7500+21.1 
1 + 1 2810+.11.2 1 1 1 1280+9.8 ! 1 1 2920+.15.5 1 8380+ 7.0 t 
TA98 
1 1 
! - 12015 jil6.2 
1 1 
1 3625+13.4 1 8380+7.0 
1 
1 9395+112.4 
t + 12295110.6 1 I 1 6330+.58.6! 1 1 89801,1.4 110045+ 79.1 
TAIOO 
1 1 
t - 1 2110+ 2.8 
1 1 
! 2330+ 6.3 1 4330+_ 7.0 
1 
1 5440+16.2 
1 + t 2550+.11.3 1 1 t 0140+14.1! 4980+16.9 1 5180+ 0.6 1 
TA102 
1 t 
i - 1 2665l_ 2.8 
1 j 
I N.D. 1 376 +2.8 
1 
1 4600+ 6.0 
1 + 1 3275+.17.6 1 1 i 928 ± 3.5! 1 1 4250+. 3.5 1 4020+ 8.4 1 
TA104 
1 1 
1 - ! N.D. 1 N.D. i 1380+ 0.7 
1 
1 4580+.37.4 
1 + 1 N.D. 1 2480+1 8.41 2300+87.6 1 3840+.45.2 
The numbers represent histidine revertant per liter of water 
samples in terras of mean ± standard deviation. 
Abbreviation : Sg, Liver microsomal fraction; N.D., not detected; 
in the absence of S +, in the presence of Sq. 
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Table 4 Aaes testing of Liquid-Liquid Extracted Water Saaples 
S T R A I N I Sg 
I 
IFractioi 
I 
TA97a 1 
i + 
! 
TA98 ! -
! + 
{ 
TAIOO I -
i + 
TA102 ! 
TA104 
! + 
Net Revertants/1 Water 
Narora i Kachla 1 Fatehgarh 1 Kannauj 
1058+50.2 
1 1 
1 2616131.21 2946+12. 0 
1 
1 4000+.32.5 
818+.23. 3 1 217An.4 1 1 1 2656+.28. 2 1 2506+14.1 1 
1587+ 0.7 
1 1 
1 5325+ 4.91 6462+.54. 5 
1 
1 8712+0.7 
1410+_17. 2 1 4275+15.5! 1 1 5000+_15. 3 1 5100+6.3 1 
1103+17.6 
i 1 
f 2893+18.9! 4462+44. 5 
1 
! 4062+65.7 
1812+.21.2 ! 3637+55.8' 1 1 2775+.12. 6 1 3112+55.1 1 
2656+11.0 
1 1 
1 2268+108.2 2000+.28. 4 
1 
! 1137+97.5 
987 6.3 1 2112+36.0 1 1 1 2275+.50. 6 ! 1337+58.6 i 
N. D. 
1 1 
! 1593+.23.3! 3200+36. 9 
f 
! 925+33.9 
N.D. 1 1875+.42.2I 2000+15. 2 ! 2187158.6 
The numbers represent histidine revertant per liter of v^ater 
samples in terras of mean ± standard deviation. 
Abbreviations : Sg,Liver microsomal fraction; N.D.. not detected; 
in the absence of Sg ; +, in the presence of Sg . 
Fig. 9 Dose - response effects of bile fluid of Ganga 
river fish with Anes tester strains, spontaneous 
revertants have been subtracted. A, -Sg; B, +Sg 
TA 97a : t - t 
TA 98 : 0 - 0 
TA 100 : X - * 
TA 102 
TA 104 ^ - A 
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Fig. 10 Dose - response effects of pesticide nixture 
with Ames tester strains, spontaneous revertants 
have been subtracted. A, -Sgj B, +Sg 
TA 97a • - • 
TA 98 : 0 - 0 
TA 100 : * - X 
TA 102 
TA 104 
10 20 30 40 
PESTIOOE WWXTURE Ji\/PLME 
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Table 5 Affles Spot Test of The Heavy Metals 
S.No. 
1 1 
t Heavy | 
1 metals t 
1 i 
Amount 
1 
1 i 1 Strains 
(UQ) 1 
1 
TA97a 1 
1 
TA98 
1 
1 TAIOO 
1 
1 TA102 • 1 TA104 1 
1 Cd 0.1 - 10 + N.D. + 
Co 0.04 - 10 - - + + ++ 
3 Cr 0.1 - 10 - - - + 
4 Cu O.M - 5 + - + + N.D. 
5 Fe 1.0 - 20 + + + + N.D. 
0.01 - 5 - - + + + 
7 Mn 0.2 - 15 + - + + 
8 Ni 0.5 - - N.D. -T-
9 Fb 1.0 - D:) + + + + 
10 Zn 0.2 - 10 — + + + + 
Symbols for the number of revertants /spot (spontaneous 
revertants subtracted): 
N.D. = not done; - = < control; ^ = 10 - 50 ; + = 51 - 300; 
++ = 301 - 500 
Fig. 11 Dose - response effects of heavy aetal aixture 
with Ames tester strains, spontaneous revertants 
have been subtracted. A, -Sg; B, -•-Sg 
TA 97a : • - t 
TA 98 0 - 0 
TA 100 ; X - X 
TA 102 
TA 104 Z i -
HEAVY METAL MIXTURE (jul/PLATE) 
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Table 6 Relevant Genetic and Biocheaical Markers of Aaes 
Tester Strains 
S T R A I N S 
Markers 
1. Type of fflutatiffli 
Location of 
fflitation in 
histidine gene 
TftWa 
hisD661Q 
3.|Excision-repair • uvrB 
Loss of Polv'sa-
ccharide layertrfa) rfa 
I 
R-Fa:tor Plasaid I pKMlOl 
b. 
8. 
Base-pairs at the , GC 
site of reversion | 
Antibiotic 
resistance 
Spontaneous 
reversion 
frequency 
Replaceaent of 
the Strains 
90-1B0 
TA1537 
TA98 
Fraaesfiift ' Fraaeshift 
I uvrB 
I 
i 
i 
rfa 
pKMlOl 
6C 
to-
30-50 
TA1538 
TAIOO 
Base-pair 
S«±stitution 
hisD3052 I hisStt 
uvrB 
rfa 
pKMlOl 
SC 
TA102 
Transition 
his6428 
Ochre autation 
on a auiticooy 
Piaasid,pAQI 
uvrB 
Proficient 
rfa 
pKMlOl, 
pAOi 
AT 
A^^Tet"" 
120-200 I 240-320 
TA1535 
TA104 
Transition 
hi5642S 
On the 
Chrosiosoaes 
Extra 
uvrB 
pfa 
pKMlOl 
AT 
i 350+75 
SYMBOLS : - deletion 
T - resistant 
CHAPTER-V : ROLE OF SOS REPAIR IN WATER BORNE 
POLLUTANTS INDUCED INJURY 
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Introduction 
Damage to DNA is likely to be a major cause of cancer 
and other diseases (Haitt e^ aj_. . 1977: Ames. 1979). The 
Salmonella mutagenicity test, alongwith other short-term 
assays. is being used extensively to survey a variety of 
substances in our environment for mutagenic and carcinogenic 
activity. Studies on living ceils have shown that DNA damage 
results in the change in physiological processes such as 
growth, division, transcription of DNA. cell death, mutation 
and induction of transformation (Elkind and Whitmore, 1967; 
Price and Makindan, 1973; Lohman and Bootsma. 1974). 
Various environmental agents have been shown to damage 
or modify the structure of DNA. These include the physical 
agents like ultraviolet light and ionizing radiations 
(Howard-Flanders. 1968: Witkin. 1976: Friedberg. 1985a) as 
well as the chemicals such as nitroso comoounds and 
alkylating agents (Strauss. 1968). These agents induce 
structural alterations of the nucleic acid bases and can 
also attack the sugar phosphate backbone (Cerutti e^ a I.. 
1977). The ability of an organism to survive in an 
environment specifically damaging to its DNA can be 
attributed to a variety of inherent repair mechanisms 
(Grossman e^ a 1.. 1975) whose role is to maintain the 
Integrity of the genetic material (Okada. 1970). Damage to 
other cellular components, such as membranes or proteins, 
does not pose any problem as long as the Integrity of the 
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genetic material is maintained (Yatvin et a 1.^ 1972). 
Among genotoxicity tests, DNA repair assays take a 
prominent position (Kerklaan e^ a 1.. 1985). Several repair 
assays (S. typhimur ium repair system, po1A repair system, 
E.CO 1i K-12 and E.co1i WB2 repair systems^ have been 
reported by different workers (Slater ^ aj.. . 1971; Ames eX 
a 1 . , 1973j Green e_t aj_. , 1976). These DNA repair tests 
estimate the extent of DNA damage to determine the mutagenic 
potential of a chemical based on the expression of SOS-
genes in treated bacterial cells (Bagg et a 1.. 1981; Kenvon 
and Walker, 1981). E^ co1i responds to DNA damage with the 
expression of a set of functions usually termed as 'SOS-
response'. Through the use of this system it is possible to 
identify and partially characterize the type of damage 
caused by a chemical or toxic environmental agent. According 
to Leifer e_t aj_ (1981), there is a high correlation between 
DNA repair test in bacteria and mutagenesis in higher 
organisms. 
The work embodied in this chapter was. therefore, 
planned to estimate the extent of injury in E.coIi cells 
brought about by the test water samoles as well as bv 
pesticides and metal ion presumably oresent in the aquatic 
system. The objective was to understand the genotoxic 
potential of water sample and its maior pollutants in terms 
of SOS-response induced in E.co1i cells. This study would 
provide an additional test In support of mutagenic potential 
of the test system. 
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Materials and Methods 
Bacteria, media, test saraoles and buffer are listed in 
Chapter II. Relevant genetic markers associated with the 
strains are also given in Chanter II. Survival patterns of 
SOS defective E.co1i strains were studied in the oresence of 
XAD-concentrated water samoles from the four different test 
stations viz. Narora. Kachla. Fatehgarh and Kannaui. The 
survival assays were also conducted for bile fluid, 
pesticides and metal ions. The XAD concentrates of water 
samples were selected for this study because of their 
relatively higher mutagenicity determined by means of Ames 
test. 
The SOS-defective E.co1i strains were treated with that 
concentration of the test samples at which the oeak (maximura 
mutation frequency) was observed in Ames testing. Except 
where otherwise stated, the E.co1i cells were treated for 6 
hr. All the media were freshly prepared. 
Saaple treatment to E.cot 1 K-12 : The SOS-dsfective mutants 
of E.CO 1i K-12 as well as the isogenic wild-tyoe strains 
were harvested by centrifugation from exponentially growing 
fl — 1 culture (1-3x10 viable counts ml ). The pel lets so 
obtained were suspended directly in O.OIM MgSO^ solution and 
treated with lOul per ml culture of the test water saraoles, 
separately. Samples were withdrawn at regular intervals, 
suitably diluted and plated to assay the colony forming 
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ability. Plates were incubated overnight (0/N) at 37'C. 
Solvent as control was also run simultaneously. 
Results 
Survival of E.coli K-12 strains on treatment with XAD-
concentrated water saaple froa Ganga River 
Survival of E.coli treated with Narora water concentrate : 
The survival pattern of recA. 1exA and poIA mutants of 
E-. CO I 1 in the presence of Narora sample is shown in Fig. 1. 
The damage brought about in the cell in the presence of 
Narora water was found to be remarkably high. All the 
mutants invariably exhibited a decline in their colony 
forming units (CFU) as comoared with their wild-tvoe 
counterpart. The I exA mutant was found to be more sensitive 
as compared to the recA mutant. The poIA mutant showed a 
significant decline in its CFU as compared to other mutants. 
Survival ofE.coli strains treated with Kachia and Fatehgarh 
water saaples : Figs. 2 and 3 depicts the patterns of the 
survival with Kachia and Fatehgarh water sample treatment. 
All radiosensitive mutants invariably exhibited a 
significant decline in their colony forming ability compared 
with their wild-type counterparts. The recA mutant was the 
most sensitive followed by 1exA and poIA mutants in order of 
increasing viability of the cells. The po1A mutant was also 
significant1y sensitive in comparison with its isogenic poI A 
strain. 
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Survival of E.col 1 treated with Kannauj water concentrate 
The survival patterns of the strains with this water sample 
is shown in Fig. 4. The damage inflicted in the cell with 
Kannaui water sample was more pronounced as compared to that 
obtained with other test water samples. The recA mutant was 
again found to be more sensitive as compared with the 1exA 
mutant. The po1A strain in this case showed a higher 
sensitivity as compared to other mutants. All the mutants 
invariably exhibited a significant decline in their CFU as 
compared to wild-type counterparts. 
Moreover, it was observed that upto 2 hr incubation of 
the mutants in the presence of all water samples, there was 
no significant damage but after 4 hr of exposure, a 
significant decline in CFU was observed. 
The water samples could be listed in order of their 
potency towards the lethal effects on the mutants as 
foilows: 
Kannauj > Fatehgarh > Kachla > Narora 
Survival of bile-fluid treated E.coll strains : The survival 
pattern of recA, 1exA and po1A mutants of E.co1i in the 
presence of bile fluid of fish from Ganga water is shown in 
Fig. 5. In the presence of bile fluid the damage in the cell 
was found to be remarkable. The recA mutant exhibited only 
18% survival with the bile fluid and lexA showed 30% 
survival. The po1A mutant displayed 22% survival after the 6 
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hr treatment of the sample. The recA and 1exA mutants showed 
a significant loss in CFU as compared to their wild-type 
counterpart. 
Survival of pesticides-treated bacteria : The survival with 
a mixture of pesticide-treated E.co1i strains is shown in 
Fig. 6. The DNA damage brought about in the cell bv 
pesticide mixture was more pronounced as compared to that 
obtained with individual pesticide exposure (data not 
shown). The recA and po1A mutants were again found to be 
more sensitive as compared to the 1exA mutant. The po1A 
mutant was also more sensitive than its isogenic po 1 A"*" 
strain. 
Survival of E.co1i strains on treataent with a nixture of 
metal Ions ; Fig. 7 depicts the oattern of survival with a 
mixture of several heavy metals present in Ganga water. All 
radiosensitive mutants invariably exhibited a significant 
decline in their colony forming ability as comoared with 
their wild-type counteroarts. The damage inflicted in the 
IexA and po1A (23% and 31% survival respectively) mutants 
was more pronounced as compared to recA mutant. Contrary to 
the XAD-concentrates. this sample induced a significant 
damage even after 2 hr incubation. 
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Discussion 
Ultraviolet light. ionizing radiation and various 
environmental chemicals induce DNA damage. This genetic 
damage is eliminated by three different maior repair 
pathways (viz. excision, error-prone. and double-strand 
break). When all the pathways are operative the repair 
capacity is tremendous. On the contrary, when all the 
pathways are blocked and the cellular DNA is left 
unrepaired, it can result in cell death, mutation and 
neoplastic transformation (Zimmermann and Tav1or-Maver, 
1985). 
Since it is always emphasized that a single testing 
system does not reflect the actual behaviour of the test 
compound and a battery of various types of test is 
recommended (Maron and Ames. 1983; Tennant et , 1987). 
Bacterial fluctuation assay (Monarca e^ a I., 1983). 
chromosomal aberrations or sister- chromatid exchange in 
Chinese hamster overy cells, and mutation at the thymidine 
kinase locus in mouse lymphoma cells are the most widelv 
used genotoxicity assays (Tennant e^ a 1., 1987). We have, 
therefore, employed other system involving E.co1i DNA damage 
for the XAD-concentrated water samples, fish bile. mixture 
of heavy metals and pesticides which were detected to be 
relatively highly mutagenic on the basis of Ames testing 
system. 
It is a well known fact that inducible error-prone 
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repair pathway could potentially operate on all types of 
lesions in DNA whether produced by radiation or by other 
agents (Walker, 1985). The recA. 1exA and po1A mutants of 
E.CO 1i were found to be highly sensitive to the test samples 
(Figs. 1-8) suggesting thereby the damage to the DNA of the 
exposed cells as well as the role of recA, 1exA and po1A 
genes to cope with their hazardous effect. The role of recA, 
1exA and po1A genes are well documented in the error-prone 
repair in E.co1i damage induced by various factors 
(Srivastava, 1978; Walker, 1985). 
With regard to the damaging effects of various sample 
treatments, it seems that XAD-concentrates of Kannauj sample 
was more damaging compared to other stations which suggested 
that damaging effect .is slowly increased from Narora to 
Kannauj. This probably might be due to the presence of more 
damaging agents present in this test station. The recA 
mutant was always found to be highly sensitive usually 
followed by 1exA mutants. The po1A mutant also exhibited a 
remarkably high sensitivity towards the more damaging 
treatments (i.e. Kachla to Kannauj) and was found to be the 
most sensitive strainon the basis of absolute survival 
values, but comparing with its isogenic po 1A"*^  (KL 400) and 
rec"*" (AB 1157), the damage was lower than that in recA 
strains. The 1exA mutant was found to be less sensitive to 
the XAD concentrates of the three sampling stations except 
Narora. The XAD-concentrate of Narora as well as mixture 
of heavy metal treatments displayed relatively higher 
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sensitivity towards 1exA mutant. These results to a large 
extent support the Ames testing studies (Tablel. 2 and 3. 
Figs. 1-4 and 9-11 of Chapter-1V). Bourbigot et. al (1986) 
have reported the ability of drinking water concentrates to 
induce the SOS-response by means of DNA damage in E.co1t 
cells. Several other investigators have also used this test 
for the detection of DNA damage in the presence of several 
pesticides (Rashid and Ralph, 1984. 1986). Pesticides 
commonly present in our environment were classified on the 
basis of damaging and non-damaging agents to Sa1mone11 a and 
E.CO 1i repair tests. This system of classification was 
reported by Kada e^ aj_ (1974), Mamber e^ aJL (1983).^ and 
Rashid and Ralph (1984). They found that some pesticides and 
their degradation products induced damage to Sa1mone11 a and 
E.CO 1i mutants, but some did not show any lethal effect on 
the repair proficient strains of Sa i mone11 a TA1978. This 
suggested that the damage oroduced was repaired bv an 
error-free repair mechanism which would correct anv 
mutational changes that are produced before the cells start 
to replicate DNA (Witkin. 1976). Our results of Salmonella 
mutegeneily and E.co1i damage testing confirm earlier 
f indings. 
These experiments alongwith the elevated mutagenic 
response with Salmonella strains (Chapter IV) confirm the 
validity of these short-term assays for evaluating the 
genotoxic activity of water samples. Although SaImonella 
reversion tests and E.coli DNA-repair tests have different 
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genetic end-points^ In many cases, the reversion tests has 
proven to be superior for compounds requiring metabolic 
activation (DeFlora ejt aj.. . 1984), while DNA reoair tests 
are superior for direct acting agents. It is. therefore, 
appropriate to select both the test systems, tloreover, our 
results are consistent with the idea that the test samples 
initiate the SOS-response and thus bring about the mutation 
in bacterial DNA. The DNA damage and mutation with the SOS-like 
response brought about by mutagenic samples might also olay 
an important role in the neoplastic transformation in the 
higher system. 
Fig. 1 Survival of E^ coli K-12 strains exposed to XAD -
concentrated Narora vater sanple. 
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Fig. 2 Survival of E.coli K-12 strains exposed to XAD 
concentrated Kachla water sample. 
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Fig. 3 Survival of E^ coli K-12 strains exposed to XAD 
concentrated Fatehgarh water sample. 
recA* lexA"^ 
recA 
lexA 
pol A~ 
polA* 
t 
0 
e 
t 
0 
8 
- A 
I 
> 
cc 
=5 
I/) 
UJ 
u 
q: 
LU 
a. 
2 4 
TIME ( H O U R S ) 
Fig. 4 Survival of E.col i K-12 strains exposed to XAD 
concentrated Kannauj water saaple. 
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Fig. 5 Survival of ^ coli K-12 strains exposed to bile 
fluid of Ganga river fish. 
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Fig. G Survival of ^ col 1 K-12 strains exposed to pest-
icide mixture. 
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Fig. 7 Survival of E.coli K-12 strains exposed to heavy 
Betal mixture. 
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CHAPTER-VI : INTERACTION OP WATER BORNE POLLUTANTS 
WITH DNA : In Vitro STUDIES 
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Introduction 
DNA damage has been proposed as a potentially useful 
parameter in secreening chemicals for their genotoxic 
properties, since many chemical carcinogens and mutagens 
have been shown to produce DNA damage in mammalian cells 
(Ewig and Kohn, 1977; Schwarz ^ aj_> 1979). Some forms of 
DNA damage (e.g. deoxyribonuc1eoside chemical adducts) have 
been suggested as the intiators of chemical carcinogensis 
(Brookes, 1977; Lutz, 1979). One particularly common type 
of DNA damage, the strand breakage (resulting from the 
hydrolysis of the phosphodiester linkage), is produced by a 
variety of chemical and physical agents and thus may be 
useful as an analytical parameter for assessing the exposure 
of the genetic material to genotoxic chemicals (Stich et 
a 1.. 1979). Cytogenetic studies have also occupied a 
prominent position in monitoring people from exposure to 
mutagens (Evans. 1976; Latt and Schreck, 1980). A promising 
method in cytogenetic monitoring is the detecton of sister 
chromatid exchanges (SCEs) (Carrano et^  aj_. , 1980; Perry, 
1980). Many environmental mutagens induce SCEs, specially 
at moderately low chemical concentrations in experimental 
organisms. 
Relative to classical cytogenetic analysis, SCE is a 
sensitive, rapid and objective method of observing 
reciprocal exchanges between sister chromatids. This 
method depends upon the phenomenon of 5-bromo-2-deoxyuridine 
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(Brdli) incorporation into DNA in place of thymidine. After 
two rounds of cell division, the chromatids are labelled 
with Brdu and consequently these stain differentially with 
Hoechst stain. The BrdU incorporation regions quenches the 
fluoresence of 33258 Hoechst. 
Hydroxyapatite chromatography is one of the efficient 
procedures which has gained widespread use in the study of 
nucleic acids (Bernardl, 1971). Its most popular analytical 
application is the separation of single stranded and double 
stranded DNA (Kohne and Britten, 1971; Martinson 1973). 
This technique is based on the fact that denatured nucl.eic 
acids have less affinity for hydroxyapatite than their 
double stranded counterpants (Martinson, 1973). 
Kanter and Schwartz (1979) have described an alkaline 
unwinding assay for quantitation of strand breakage in 
cellular DNA which uses hydroxyapatite in a batch procedure. 
The assay is based on the observation that the DNA molecule, 
when exposed to alkaline conditions beyond the helix-coil 
transition range (pH 11.5) undergoes strand separation, i.e. 
unwinding at each formal strand break (Daniel e^ §_!_• t 1985). 
Sj^  nuclease, on the other hand has been widely used in 
the study of DNA secondary structure through a variety of 
approaches (Shishldo and Ando, 1972; 1980; Thomas ^ al.. 
1984). It hydrolyses single stranded regions in duplex DNA 
and also detects locally altered structures (minor 
distortions) Introducted by physical and chemical procedures 
(Shishldo and Ando, 1982). 
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This chapter deals with the studies on the mechanism of 
interaction of water sample with calf thymus DNA to 
determine the nature of iesionCs). We have, therefore 
employed several techniques including those mentioned above. 
For this work, the highly mutagenic XAD-concentrated Kannauj 
water sample detected on the basis of Ames test was 
se1ected. 
METHOD 
Sister Chromatid Exchange (SCE) Detection: The sister 
chromatid exchange analysis was performed using the 
fluorescent plus Gierasa technique of Perry and wolff (1974) 
and Latt ^ aj_. (1977) with slight modifications. 2 mg/ml 
BrdU was added in the 24 hr old cultures followed by 48 
hr incubation in the dark. Three different doses of XAD-
concentrated Kannauj water sample (5 to 50 ul/ml) were added 
to the cultures 48 hr after culture initiation. The 
cultures were incubated at 37'C. 
Hydroxyapatite Chromatography : Hydroxyapatite 
chromatography of water samp 1e-treated calf thymus DNA was 
performed as described by Bernardi (1971).200ug DNA was trea-
ted with XAD-concentrate and incubate at 37'c. Samples were 
then loaded on the column ( 3 x 1 cm) and the elution was 
made with a stepwise gradient of sodium phosphate buffer (pH 
7.0) containing IX neutralized formaldehyde. 3.0 ml 
fractions were collected at the rate of 10 ml/hr. DNA 
elucted in various fractions was determined 
spectrophotometrically at 260 nm over Beckman DU40 
- 141 -
spectrophotometer. 
Estlaatlon of DNA and acid soluble nucleotides : 
Nucleotides, made acid soluble, were determined by the 
diphenylamine method of Schnefder (1957) or 
spectrophotometrical1y measuring the absorbance at 260 nm. 
To a 1.0 ml aliquot. 2.0 ml of dip1heny1 amine reagent 
(freshly prepared by dissolving 1.0 gm of recrysta11ized 
diphenylamine in 100 ml of glacial acetic acid and 2.75 ml 
of conc. H2S0^) was added. The tubes were heated in a 
boiling water bath for 20 min. The intensity of blue colour 
was read at 600 nm using spectornic 20 Bausch and Lomb 
Spectrophotmeter. To determine the acid soluble material 
spectrophotometrically, an aliquot of the supernatant was 
suitably diluted and read at 260 nm using spectronic 21. UVD 
Bausch and Lomb Spectrophotometer against a suitable blank. 
S^ nuclease assay of DNA treated vlth vater Saaples : A 2 
mg/ml solution of calf thymus DNA in TN was treated with 
water samples at desired concentration. The mixture was 
incubated 0/N at 37*C. The treated DNA was dialysed against 
100 volumes of TN buffer at 4'C. The enzyme assay was done 
in terms of acid soluble nucleotides, released from DNA as a 
result of enzymic digestion. The Sj^  nuclease reaction 
mixture in a total volume of 1.0 ml contained 500 ug 
substrate (native, denatured or samp 1e/so 1 vent-treated DNA), 
0.1 M acetate buffer pH 4.5, 1 mM zinc sulphate, water and 
30 units of Sj nuclease. The mixture was incubated for 2 hr 
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at 46'C. The reaction was terminated by adding 0.2 mlcflO 
mg/ral bovine serum albumin and 1.0 ml 14X perchloric acid 
(ice - cold). The tubes were immediately transferred to O'C 
for at least 1 hr before contrifugation to remove the 
undigested DNA and precipitated protein. Acid soluble DNA 
nucleotides were determined in the supernatant using the 
diphenylamine method of Schneider (1957). 
Preparation of denatured DNA : Denatured DNA was prepared by 
heating native calf thymus DNA (2 mg/ml in TN buffer ) at 
100°C for 9 min and cooling the solution rapidly in an ice 
bath (Verly and Lackroix, 1975). 
Alkaline unwinding assay; The assay was performed as 
described by Kanter and Schwartz (1979). Incubations with 
test samples were carried out in volumes of 0.25 ml 
containing 200 ug calf thymus DNA and water sample in the 
desired DNA bp/ul water sample ratio. The denaturation for 
the alkaline unwinding of the reaction mixture was 30 min. 
The "unwound neutralized", reaction mixtures were then 
analysed by hydroxyapatite chromatography. The elution was 
made with stepwise gradient of potassium phosphate buffer 
(pH 7.0) containing 20% formamide. DNA in eluates was 
measured spectrophotometrica11y at 260 nm. 
Calculation 
According to Rydberg (1975), the relationship between 
strand separation of duplex DNA in alkali where randomly 
distributed breaks are introduced, is 
- 143 -
In F = t® 
Mn 
where F is the fraction of double-stranded DNA remaining 
after alkaline denaturation for time t and k is an assumed 
constant for rotational and frictional forces, Mn is the 
number-average molecular weight between unwinding points and 
a is a constant less than 1. 
From the above expression, Kantar and Schwartz (1979) 
have derived the following expression for calculating the 
number of unwinding points <P) per alkaline unwinding unit 
of DNA. 
In Fx 
P = 
In Fo 
where Fx and Fo are the fractions of double stranded DNA 
remaining after alkaline denaturation of treated and 
untreated samples, respectively. The number of breaks (n) 
per unit DNA is, therefore, 
n = P - 1 
Determination of DNA base nodification by high - perforaance 
liquid chromatography : For HPLC analyses the samples were 
prepared as described by Hasan and Ali (1990). 150 ug calf 
thymus DNA was treated with XAD-concentrated water sample 
with a DNA bp/desired conc. of water and incubated 0/N at 
room temperature. Excess of water samples was removed by 
exhaustive dialysis against phosphate buffer saline. In 
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order to determine the extent of DNA base modification, the 
sample-treated polymer was preciplated with ethanol. The 
precipitate after dessication was dissolved in perchloric 
acid (60%) and treated at lOO'C for 1 hr to release the 
bases. Then the solutions were neutralized for HPLC 
analysis. The control expts. were carried out with a 
mixture of equimolar concentration of individual bases in 
order to locate the elution pattern of unmodifed base. 
HPLC system used in this work has been described in 
chapter III. For HPLC analysis, the instrument was 
thoroughly washed with methanol (HPLC grade) and stabilized 
with 0.02 M potassium phosphate buffer, pH 5.6 and 60* 
methanol. The appropriate volumes of standards were 
injected into column and retention times were measured at 
260 nm. As soon as the standard runs were over, the treated 
samples were injected under the same conditions as for the 
standard runs. The elution pattern of modifed and unmodifed 
bases were compared and located on chromatogram. This HPLC 
analysis was based on the standard method of Warren (1990). 
- 145 -
Result 
Sister Chromatid Exchange (SCE) ; The results of the in 
vitro sister chromatid exchange assay on the XAD-
concentrated water sample are summarized in Table 1. Water 
sample increased the frequency of SCEs, and it was found to 
be statistically significant (P < 0.05) at all the dose 
levels. At the dose of 50 ul/ml the siter chromatid 
exchange/cell was fond to be remarkable (3.2 +_ 0.19). 
Moreover, the positive and significant correlation values 
strongly indicated the dose dependency of SCEs. 
Hydroxyapatite Chromatography : Fig. 1 shows the 
chromatogram of XAD-concentrated Kannauj water sample-
treated DNA. The so 1 vent-treated DNA (as a control was 
eluted in the two major peaks corresponding to 0.20 M and 
0.25 M phosphate buffer (Panel A). The two elution 
patterns were remarkably different. The peaks eluted at 
0.25 M buffer with the control was significantly reduced at 
the DNA - treated with 25 and 50 ul of water sample 
inddicating the reduction of dsDNA in the water-treated 
sample (Panels B and C). On the other hand,the peak at 0.20 
M was significantly increased in the treated DNA indicating 
the single strandedness. 
S^ nuclease hydrolysis of DNA treated with Water Sample: DNA 
trated with increasing concentration of XAD-concentrated 
Kannauj water sample was subjected to hydrolysis with Sj 
nuclease. The results given In Table 2 showed that the 
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productian of acid soluble material increased with 
increasing dose of water sample (up to the dose from 5-50 
ul/ml ). Under the same conditions, native, so 1 vent-treated 
and denatured DNA showed 16.6, 30.4 and 100.0 percent 
hydrolysis respectively. Thus, water sample transforms DNA 
into an effective substrate for Sj nuclease. 
Degradation of calf - thymus DNA treated with water sample 
in the absence of Sj^  nuclease : To determine whether the 
hydrolysis of dsDNA after treatment could also be water 
sample-mediated or was it S^ nuc1 ease-mediated only, another 
experiment was performed in which the DNA was treated with 
water sample at the same doses as indicated in S j nuclease hyd-
rolysis experiment at 37*Cand percent degradation determined 
in the absence of S nuclease. The results presented in 
Table 3 indicated that the degradation of DNA was totaly 
water sample-mediated and degradation was increased with the 
increased dose of water Sample. 
Quantitation of DNA strand breaks by alkaline unwinding 
assay : Table 4 illustrates an experiment where DNA has been 
treated with increasing water sample concentration. The fraction 
of duplex DNA decreases in a linear fashion with increasing 
concentration of the water sample. The number of strand 
breaks formed per unit DNA increased correspondingly with 
XAD-concentrated water sample. 
Hodification of DNA bases of Water Samples as determined by 
HPLC : Treatment of native DNA with XAD-concentrated water 
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sample resulted in the modification of guanine, adenine and 
cytosine (Fig. 2). The extent of modification was 
calculated from the peak area and the retention time of the 
chroraatogram of HPLC. It was found to be 22.4% for guanine, 
10.9X for adenine and 47.3X for cytosine. Cytosine was 
found to be modifed maximally. Identification of different 
peaks was based on the retention time of individual base 
under the identical conditions (data not shown). 
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Discussion 
The sister chromated exchange (SCE) is proved to be a 
more sensitive test than the induction of aberrations for 
the majority of chemical mutagens which are S-dependent 
agents. The SCEs, like chromosome abberations induced by S-
dependent agents, are formed by unrepaired lesions that are 
present when the cell passes through S-phase and the 
chromosomes replicate. The SCE method has been used as a 
test system to tell whether or not a chemical is potentially 
dangerous and to determine which of the metabolites of a 
premutagenic and precarcinogenic agent might be the likely 
ones to interact with DNA and cause its effect (Wolff, 1984; 
Renata et al . . 1989). 
We observed an increase in the sister chromatid 
exchange frequency after 24 hr treatment in human lyphocytes 
(Table 1) this indicates that the water sample is clastoge-
nic at all the dose levels especially the higher dose level 
exhibited the significant exchanges as is indicated in the 
Table. Some what similar findings have also been reported 
by Anthanasiou and Kyrtopoulos (1983) who tested XAD-2 
extracts of water samples derived from both, surface as well 
as ground water for induction of SCEs and chromosomal 
aberrations in CHO cells. They observed that the ground 
water extracts were much less active then the surface water 
extracts. Doughlas et aj_ (1986) and wllcox and Williamson 
(1986) also reported the induction of SCE in CHO cells. 
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For further confirmation we have also employed single 
strand specific nuclease to study the distortion in the 
secondary structure of DNA. It has been reported that S^ 
nuclease hydro 1ysessing1e stranded regions in duplex DNA and 
also detects loca11y altered structures (minor distortions) 
introduced by physical and chemical procedures (Shishido and 
Ando, 1982). Our results indicated an appreciable increase 
in the production of acid soluble nucleotides with increase 
in the DNA hydrolysis by Sj nuclease with increasing dose of 
the water sample (Table 2). Thus XAD-extract of water 
sample transforms DNA into an effective substrate for S^^ 
nuclease and suggests a destablization of its secondary 
structure and or generation of ssbs. The possibility of S^ 
nuclease enzyme getting inactivated by the unbound organic 
compound present in water extract was ruled out by dialysing 
the reaction mixture before subjecting to S^ nuclease 
reaction. The same possibility was also ruled out by 
another method in which Sj nuclease was first directly 
exposed to the water sample (50 ul) for 2 hr at 48'C and 
then treated with the denatured DNA for 2 hr at 37*C. The 
percent hydrolysis of the treated DNA was almost the same 
(99%) as that of the control denatured DNA (lOOX) suggesting 
the complete activity of the enzyme. Further studies showed 
that the water sample, at all the dose levels, itself 
brought about significant amount of DNA degradation (Table 
3). 
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Our result of alkaline unwinding assay indicated an 
increase in the number of strand breaks formed per unit of 
DNA and decrease in the fraction of duplex DNA with the 
increase of the dose level (Table 4), the results obtained 
by this experiment are in support of our earlier explanation 
that the single strand break formation is totally dose 
dependent. 
We further asked the question as to whether DNA 
destabi1ization brought about by the water sample treatment 
might involve the base modification. The high-performance 
liquid chromatography of DNA base modification was conducted 
for that purpose. The results of high-performance liquid 
chromatography of water extract-treated DNA provided the 
evidence—tha t—the DNA des tabx 1 iisation brought—about by the 
water-extract involved the base modification with 
preferential susceptibility toward cytosine (Fig. 2). This 
result is in support of our previous results obtained by 
means of Ames test (Chapter IV) in which the frameshift and 
base pair substitution mutation TA98, TA97a. and TAIOO 
containing the GC hot spots were found the most responsive 
strains towards the test sample. 
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Table 1 Sister Chrofflatld Exchange (SCEs) in hunan 
lymphocytes after treatment with XAD-Concentrated KannauJ 
water sample 
Treatment Dose Total No. Total Range SCE/cell+SE 
(uL/ml) of cells SCEs 
Norma 1 
(untreated) 
DMSO 
(negative 
contro1) 
Water Sample 
(XAD-Concen-
trated) 
5.0 
25.0 
50. 0 
50 
50 
50 
50 
50 
80 0-4 1.60 + 0.14 
89 0-5 1.78 + 0.16 
98 0-7 1.96 0.22 
139 0-8 2.78 + 0.25 
151 0-10 3.02 + 0. 19^ 
DMSO, dimethyl sulfoxide : SE. standard error: 
50 raetaphases/denor fhumanj; 
Significant at P < 0.05 (compared to negative control) 
Fig. 1 Hydroxyapatite chronatogram of XAD-concentrated 
Kannauj water sample treated DNA. 
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Table 2 : S^ nuclease hydrolysis of water sample treated calf 
thymus DNA 
Treatment 
S]^  nuclease hydrolysis 
ug acid soluble 
DNA nucleotide 
% DNA 
hydrolysis 
% DNA 
hydrolysis 
after subtrac-
tion from 
control 
Denatured DNA 250 
Native DNA 51 
DNA + Solvent 76 
(as contro1) 
DNA + Water sample 
(dose of sample ul) 5.0 89 
25.0 101 
50.0 168 
100 
16.6 
30. 3 
36.8 
42.7 
66. A 
6.2 
12.3 
36. 0 
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Table 3 : Degradattlon of calf thyaus DNA treated with water 
sample (in the absence of S^ nuclease). 
Treatment 
ug acid soluble % DNA XDNA degraded 
DNA nucleotides hydrolysis after subtr-
action fron 
control 
Denatured DNA 
DNA + Solvent 
(as contro1) 
DNA + Water Sample 
(dose of water ul ) 
5.0 
25. 0 
50.5 
275 
12.4 
49 
105 
154 
100 
4.9 
17.5 
38.5 
46.9 
12.6 
33.6 
42.0 
- 155 -
Table A : Alkaline unwinding assay of water sample treated 
calf thynus DNA 
No. of un- No. of 
winding Strand 
Fraction points/alka-- break/ 
DNAbp/ul of line unwin- Unit 
Water ssDNA dsDNA Total duplex ding unit DNA 
Safflple DNA DNA of DNA 
Samp 1e 66. 15 108.45 174.60 0.621 
(contro1) 
1 : 5 67.65 105.95 173.63 0.610 1.037 0. 037 
1 : 25 89. 55 71.70 161.25 0. 444 1.704 0. 704 
1 : 50 113.10 56.71 169.81 0.333 2.308 1.308 
1 : 100 123.50 40.25 168.75 0.238 3.01 2. 01 
Fig. 2 Elution profile of hydrolysed XAD-concentrated 
Kannauj water sample treated calf thymus DNA (1:5)* 
on HPLC. The modified bases have been indicated 
in shaded form. 
C = Cytosine 
/ 
C = Modified cytosine 
T = Thymine 
A = Adenine 
K = Modified adenine 
G = Guanine 
G = Hodifed Guanine. 
*( 50 ug DNA : 50 ul water sample) 
o 
"IS 
00 
c 
i 
u 5 
E 
(M 
LU 
m 2 
UJ 
UJ 
o 
<N 
in m 
o 
uiuo93 iv 3DNvaaosav 
CHAPTER-VII : GENERAL DISCUSSION 
- 157 -
General Discussion 
Water has become a precious commodity world wide, and 
its quality has become a major concern because of rampant 
environmental pollution. Water quality has not only to be 
monitored for high load of salts and metals but also for the 
presence of toxic and even mutagenic and carcinogenic 
material. Normally, many dangerous chemicals are present in 
very low concentrations in water bodies, but they can be 
concentrated again in the food chain. Agents which are 
acutely toxic are readily detected because the immediate 
effects allow rapid identification of the source of 
toxicity, but the mutation and cancer are not the immediate 
processes they are only detected many years after exposure. 
Therefore, the screening of environmental chemicals for 
potential mutagenic and carcinogenic activity in the human 
population continues to be a high priority activity all over 
the world. The screening has continued and new assay systems 
designed to detect mutagenic/carcinogenic activity in 
various environmental samples. Much of the new research is 
concerned with the evaluation of complex mixtures as they 
occur as air pollutants or pollutants of fresh and sea 
water. 
Two analytical methods have been used to concentrate 
the water samples i.e. Amberlite XAD-4/8 absorption 
technique and the other one is 1iquid-1iquid extraction. 
XAD-concentrates contain all the organic constituents and 
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Iiquid-1iquid extracts contain only organoch1 orine and 
organophosphorus pesticides (Wilcox and Williamson, 1986, 
Singh e^ al.. , 1987). Our results also support this finding 
(Chapter III). HPLC system was used to resolve the 
pesticides present in viater samples, whereas the 
identification and quantification of heavy metal was done on 
atomic absorption spectrophotometer. Our results of HPLC 
system indicated that the water samples contained the high 
level of certain commonly used pesticides like DDT, BHC, 
Lindane, Aldain, Endrin, dieldrin, endosulfon, Dimethoate, 
Methylparathione and 2,4-D in all the four test samples 
(Table 2, Figs. 2-5, Chapter III). Some major peaks remained 
unidentified, because they did not match to the known 
pesticides. All these pesticides are commonly used by 
cultivators for agricultural purpose in the test stretch as 
well as in the upstream region (Narora). 
The total consumption of different varieties of 
pesticides and insecticides was 378.54 Kilograms over an 
area of 822.27 hectars as reported in Integrated study of 
Ganga Ecosystem between Narora to Kannauj (1990). It is 
significant that the environmentally more damaging and 
persistant organochlorines are the dominant group of 
pesticides and insecticides used. This may be because of their 
longer oersistence and more specific nature'than other al ternative 
chemicals and are safer for formers to apply because of less 
short term toxicity to humans (Anon,1984). 
- 159 -
The pestlcidal load increased as we moved towards the 
down stream from Narora to Kannauj. The concentration of 10 
heavy metals Cdf Co« Cr^ CUf Fe^ Mn» Ni^ Pb and Zn at 
all the four sampling stations are shown in Table 4} Chapter 
i n . Most of the heavy metals except Hg, Fe, Pb, Cd and Cr 
are within the permissible limits. Iron is found 5 times 
greater than the permissible limit at all the monitoring 
stations. The concentration of heavy metals in local 
sediments and river water has an effect on crop production 
as well as on the health of inhabitants. The changes in the 
course of the river means loss of agricultural land for one 
village and may gain for another village. It has been 
observed that minor changes in the concentration of elements 
dissolved in the soil and mercury in the river and manganese 
can cause several plant diseases, effect on agricultural 
crop and fish population, and it has randered fish harmful 
for human consumption (ISGEBN to K, 1990). 
The water samples, from the four sampling stations 
have been shown to possess a significant amount of 
mutagenic activity by means of Ames testing (Chapter IV). 
Our results indicated a higher degree of mutagenicity of all 
the test samples with AT - GC frameshift and base pair 
mutants, TA98, TA97a and TAIOO except for Narora water 
sample suggesting that the test samples preferentially act 
upon GC base pairs to bring about frameshift and 
substitution mutations (Table 1, 2; Figs. 2-4 6-10; 
Chapter IV). It is also noteworthy that, even in the absence 
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of Sg microsomal fraction, all the test samples responded 
significantly but the addition of microsomal fraction 
• 
further enhanced the mutagenic activity of some test samples 
(Table 1; Figs. 1-4B; Chapter IV) suggesting that the 
metabolic products of river water are even more mutagenic. 
It is Interesting to point out that the mutagenicity of 
Ganga water concentrate (Prepared from XAD resin) further 
enhanced in the presence of Sg fraction as compared to those 
samples obtained from Liquid-Liquid extraction method. In 
the presence of Sg fraction these extracts slightly reduced 
the mutagenic activity (Table 2, Figs. 5-8(B); Chapter IV) 
suggesting that these extracts contained only those 
pesticides whose metabolic products are not more mutagenic. 
The mixture of those pesticide which were detected by HPLC 
in the test water samples (Chapter 111) also displayed the 
same pattern providing support to our contention that 
mutagenic activity displayed by the sample is mainly due to 
the presence of pesticides. Since we had carried out the 
experiment taking only the identified pesticides and the 
quantities into consideration too. It was found that the 
mixture of pesticides was less mutagenic compared to the 
1iquid-1iquid extracted water samples (Chapter IV). This 
finding obviously suggests that certain unidentified 
pesticides or other substances were also contributing to the 
mutagenic potential of water. Moreover, the water samples 
concentrated from XAD4/8 ion exchange columns showed 
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remarkably higher mutagenic activity as compared to those 
samples extracted from 1Iquld-1Iquld extraction method. This 
is not surprising because the XAD-concentrates would 
obviously contain a broad range of organic pollutants 
Including the PAHs, PCBs, pesticides etc. This is 
interesting finding but identification of such a broad range 
of organics would require great efforts and thus we left 
this aspect for future studies. 
As mutagenicity at all the stations is of the same 
magnitude, it is believed that the entire reach is 
contaminated with almost equal amounts of mutagenic 
compounds. Since the river coliforms are in contact with 
pesticides and other mutagens for longer periods, even low 
concentration of these compounds in river water may be 
deterimental. Bioaccumu1 ation and bioconcentration will also 
be a crucial factor (ISGEBN to K, 1990). The Ames testing of 
bile fluid of Ganga water fish provides support to this idea 
(Fig 9; Chapter IV). 
The genotoxic activity of water samples was further 
confirmed by the E.co11 DNA-repair defective mutants. In 
many cases, the reversion tests has proven to be superior 
for compounds requiring metabolic activation <DeFlora et 
a 1•. 1984), while DNA repair tests are superior for direct 
acting agents. It is also believed that the Ames tester 
strains carrying the j^KMlOl plasmld enhance the error-prone 
repair process (Levin et. al. , 1982b; Little ^ al., 1989). 
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The Salmonella strains lack error-prone repair (Walker, 
1984) due to the absence of a functional UmuD gene (Herrera 
et a 1.. 1988). The error-prone repair in Sa1mone11 a is 
regained in the presence of pKMlOl plasmld which contains 
analogues of UmuGD genes making the error-prone repair 
functional. Our results obtained with E» coli and Salmonella 
system suggest that the test samples bring about the DNA 
damage and thus the treated cells initiate the SOS-repair 
with the concomitant induction of mutation. The induction of 
SOS-response by the test samples In our case was supported 
by the high sensitivity of recA. po1A and 1exA mutants of 
E. cio 1 1 towards the test samples (Figs. l-4{ Chapter V). The 
role of recA^ 1 exA*^  and po 1A^ genes are well documented in the 
error-prone repair in E.tfoli damage induced by various 
agents (Srlvastava, 1978; Walker, 1985| Musarrat and Ahmad, 
1988). 
The test samples seem to have Initiated the SOS-
response with the concomitant Induction of GC-AT frameshift 
and base-pair substitution mutation. 
With regard to the damaging effects of various sample 
treatment, it seems that XAD-conoentrate of Kannauj sample was 
more damaging than that of other stations,suggest 1ng that the 
damaging effect is slowely increased from Narora to Kannauj. 
These results are in conformity with the Ames testing 
studies which displayed similar trend that is the 
mutagenicity of water samples increased from upstream to 
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down stream in the test stretch. (Table 1 and 2; Chapter 
IV). The recA and poIA mutants were always found to be most 
sensitive followed by 1exA mutant in all the sampling 
stations except Narora. Narora water samples exhibited 
relatively higher sensitivity to the 1exA mutant than other 
mutants. Such type of response was also observed with XAD-
concentrated drinking water (Bourbigot ^ , 1986). 
However, the contributory factor in that case was suggested 
to be chlorine rather than pesticides or heavy metals. 
The XAD-concentrated water sample from Kannauj was 
employed for other biochemical studies. It caused a 
destabi 1 ization in the secondary structure of DNA with the 
formation of single strand breaks, and also induced 
reciprocal exchanges between sister chromatids (Chapter VI). 
The results of SCE analysis indicated that the water sample 
is clastogenic at all the dose levels. It is also observed 
that the frequency of sister chromatid exchanges 
significantly increased at higher doses (Table 1; Chapter 
III). Similar findings have also been reported by Athanasiou 
and Kyrtopoulos (1983). These workers found that water 
samples induced the SCEs and chromosomal aberrations in CHO 
cells. For the majority of chemical mutagens which are S-
dependent agents the sister chromatid exchange (SCE) has 
proved to be even more sensitive than the induction of 
aberration. The SCEs, like chromosome aberrations induced by 
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S-dependent agents, are formed by unrepaired lesions that 
are present when the cell passes through S phase and the 
chromosomesreplIcate. The SCE has been used as a test system 
to tell whether or not a chemical is potentially dangerous 
and to determine which of the metabolites of a premutagenlc 
and precarcinogenlc agents might be the likely ones to 
interact with DNA and cause its effect (Wolff, 1984; Renata 
ei aJL. , 1989). 
The results of in. vitro studies also indicated that the 
test sample causes a destabl1Ization of secondary 
structure of DNA with the formation of ssbs. This is evident 
by the increased level of single strandedness in duplex DNA 
as observed by hydroxyapat1te chromatography (Fig. 1; 
Chapter VI) and Increased susceptibility to S^ nuclease 
(Table 2; Chapter VI). In addition to this fact alkaline 
unwinding assay also suggested the existence of single 
strand breaks in the treated DNA (Table 4; Chapter VI). The 
strand break formation was also found to be dose dependent. 
The increasing dose of XAD-concentrate seems to exert a sort 
of destabl1ization in the secondary structure of DNA 
resulting in the denaturation of DNA. An enhanced rate of 
hydrolysis of DNA with Sj nuclease in the presence of water 
sample also supports the same idea. This can also be 
explained in view of the modification of bases (Fig. 2; 
Chapter VI) which might disrupt the hydrogen bonding between 
complementary bases and thus locally denatured regions can 
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be formed. Our results also indicated that the water sample 
treated DNA became susceptable to Sj^  nuclease hydrolysis but 
the DNA degradation could also be brought about by water 
sample alone (Table 3; Chapter VI). 
In view of the present findings, we conclude that the 
Ganga River contain high levels of several water borne 
organic and inorganic pollutants which are genotoxic and 
mutagenic. On the basis of these results we propose the 
following scheme (Fig.l) for the water samp 1e-induced 
mutagenesis as well as its interaction with DNA. I_n vivo 
damage leads to the initiation of SOS response and induction 
of mutagenesis, whereas in. vitro damage leads to the 
modification of bases, and formation of single strand breaks 
and DNA degradation. It also induces genomic alterations 
during the cell cycle in human lymphocyte. The presence of 
significantly high levels of pesticides and heavy metals in 
Ganga River largely seems to be contributing to the 
genotixic and mutagenic potential of its water. 
This study calls for particular concern over the 
increasing level of pollution with particular reference to 
genotoxic pollutants in the most important and largest river 
of India. We would like to especially emphasis here that the 
Ganga water must not be taken for drinking without proper 
cleaning and purification in view of its remarkable 
mutagenic, clastogenic and genotoxic effects. Moreover, 
bloaccumulation of genotoxic substance are slowly rendering 
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the reverlne organisms like fish into a forbidden eatables. 
Effective steps to prevent pollution in our biggest water 
reservoir are, therefore, immediately needed. 
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SUMMARY 
- 1 -
Rapid industrialization, fast urbanization, over 
population and dramatic increase in agricultural 
productivity consequently resulted in the tremendous release 
of organic and inorganic pollutants into the environment, 
and thus the environmental pollution has become a serious 
problem in India (Viswanathan, 1985; Gupta. 1989). Among 
the environmental pollutants water pollution has become more 
serious because of the problem of sewage disposals, 
industrial wastes. radioactive wastes, agricultural and 
domestic disposals, etc. (Richards and Shieh, 1987). 
Several studies conducted in our country strongly suggested 
that our rivers and other water bodies are highly 
contaminated (Ray and Gupta, 1986). Our test 'River Ganga' 
is the most important river of India crossing through three 
most popular, industrially developed and agricultural based 
states providing water for drinking, domestic, agricultural, 
industrial recreational and other purposes (Ahmad e^ a 1., 
1987). The practical application of this work is to 
highlight the putative hazards' of certain organic and 
inorganic pollutants present in the Ganga Water. For this 
purpose several genotoxicity studies of these pollutants 
were conducted including the Ames Salmonetla testing, SOS 
indicator E.co11 system, sister chromatid exchange method as 
well as the iji vitro DNA damage studies. 
The significant findings alongwith their possible 
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explanation are summarized as under : 
I. Deteraination of organic and inorganic 
pollutants in River Ganga 
1. The high-performance liquid chromatographic system 
resolved several peaks presumably containing the 
organochlorine and organophosphorus pesticides from the 
1iquid-1iquid extracted water samples. Certain 
unidentified peaks on the HPLC system were also found. 
The load of pesticidal pollution increased from Narora 
to Kannauj. Moreover, the pesticide endosulfan was 
detected only in Kannauj Water Sample. 
2. Atomic absorption spectrophotometer identified 10 heavy 
metals (i.e. Cd, Cr, Fe, Hg, Pb, Co, Cu, Mn, Ni and Zn) 
in the four test sampling stations viz. Narora, Kachla, 
Fatehgarh and Kannauj. Cd, Cr, Fe, Hg and Pb metals 
were present at significant levels whereas Co, Cu, Mn, 
Ni and Zn were present within the permissible limits. 
These findings indicated that the water samples in the 
four sampling stations contained several types of 
organochlorine and organophosphorus pesticides. These 
samples also contained certain heavy metals at elevated 
I eve 1 . 
II. Ames testing of water borne pollutants 
1. All the test samples displayed a significant enhance-
ment in the number of histidine revetant colonies. 
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2. Strains TA98, TA97a and TAIOO which contain GC hot 
spots were generally more mutagenic compared with those 
having AT hot spot at the site of mutation and thus the 
samples brought about both the frameshift and base pair 
substitution mutations. 
3. All the tester strains responded significantly even in 
the absence of liver microsomal fraction. 
4. The mutagenic activity of the XAD-concentrated water 
samples was further enhanced in the presence of 
miocrosomal fraction. 
5. The water samples extracted with 1iquid-1iquid 
extraction method also exhibited a remarkable level of 
matagenic activity but the presence of Sg fraction 
either slightly decreased or remained the same as 
compared with that in the absence of Sg fraction. 
6. The bile fluid of fish invariably displayed the maximum 
mutagenic activity with frameshift and transition 
mutants. The mutagenic activity further enhanced in 
the presence of Sg fraction. 
7. A mixture of pesticides present in the Ganga River was 
employed for the Ames testing to have an idea about 
their cumulative effect on Ames strains. This mixture 
exhibited a higher reversion acitivity on TA98, TA97a 
and TAIOO strains similar to that obtained with XAD-
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concentrates or 1iquid-1Iquid extracted water samples. 
8. The his"*' revertant colonies reraakably enhanced with the 
heavy metal mixture which was supposed to be present in 
Ganga WAter according to the atomic absorption 
spectrophotometric studies. Here, the transition 
mutants TA102 and TA104 were found to be most 
responsive towards the metals. 
These findings clearly indicated that the water samples 
in all the four sampling stations contained the 
highly mutagenic pollutants. The contaminating pesticides 
and heavy metals in the water largely contribute to the 
mutagenic activity of the water samples. These pollutants 
preferentially act on GC-AT base pairs, frameshift and base 
pair sustitution mutants as compared to AT-GC transition 
mutants. 
III. Role of SOS - Repair in the Water Sample induced injury 
1. The recA. 1exA and po1A mutants of E. co11 were highly 
sensitive towards the test samples compared with their 
isogenic wild-type strain. 
2. The recA and po1A mutants were usually found to be more 
sensitive compared with the 1exA mutants. 
The above findings strongly support for the intiatlon 
of inducible error-prone SOS-response within the water 
extract-treated E.coli cells. 
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IV. Interaction of organic pollutants with DNA: in vitro 
Studies 
1. The XAD-concentrated water sample from KannauJ 
exhibited sister chromatid exchange in human 
lymphocytes at all the dose levels. Moreover. the 
frequency of exchange significantly increased with 
increase in doses. 
2. The hydrcxyapatite chromatography exhibited a signicant 
level of single strandedness in the treated DNA at all 
dose levels of (XAD-concentrated) water sample. 
3. The alkaline unwinding assay indicated an increase in 
the number of strand breaks formed per unit of DNA at 
all the dose levels. As the dose level increased, the 
number of strand breaks also increased. 
4. Studies of Sj^  nucelase hydrolysis of the treated DNA 
further confirmed the distortion in the secondary 
structure of DNA brought by the test sample. It was 
also dose dependent. 
5. Another experiment of water sample treated DNA in the 
absence of Sj^  nuclease at all the dose levels indicated 
that the water sample itself could degrade the DNA 
without requiring any nuclease. 
6. The test sample preferentially modified the cytosine 
and guanine bases of calf thymus DNA. Adenine was also 
found to be modified but to a leser extent. 
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In view of these studies, it is evident that the water 
sample, at least in its processed form (XAD-concentrated 
form) is highly damaging to the DNA since it distorts the 
secondary structure. It could also modify certain bases of 
the DNA as well as could bring about single and double 
strand breaks. Interestingly enough, the XAD-concentrated 
water samples strongly suggested clastogenic properties and 
brought about significant increase in the sister chromatid 
exchanges. 
